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ERRATA ET CORRIGENDA. 


Pages 40-68, /or “Trig’s Station” read “Trigonometrical Station.” 
Pago 519, Ejcplanatiou of figure, /or “ Fig. 1 ” read “ Fig. 2.” 

Page 520, Explanation of upper figure, /or “ li’ig. 2 ” read “ Fig. 1.” 

Page 520, Explanation of Fig. 3, fur “ Section'* road “ Plan." 

Page 528, line 16, after “ breadth ” add “ of a large block of it.” 

Page 542, line 2, for “ Worcestershire ” read “ Warwickshire.” 




PROCEEDINGS 


OP THE 

GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1886-87. 


November 3, 1886. 

Prof. J. W. Jtjdd, F.E.S., President, in the Chair. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ On the Skull and Dentition of a Triassic Saurian, Galesaurus 

s, Ow.’’ By Sir Richard Owen, K.C.B., F.R.S., F.G.S., &c. 

2. “ The Cetacea of the Suffolk Crag.” By R. Lydekker, Esq., 
B.A., F.G.S., &c. 

3. “ On a Jaw of Hyotherium from the Pliocene of India,” By 
R. Lydekker, Esq., B.A., F.G.S., &c. 

The following specimens were exhibited ; — 

Cast of Galesaurus planicejps^ Ow., exhibited by Dr. H. Wood- 
ward, F.R.S., F.G.S,, in illustration of Sir R. Owen’s paper. 

A fSortion of head of Galesaurus planiceps, Ow., from Kuisement- 
fontein, Caledon-river District, Orange Free State. ' Collected by 

Hatting, Esq., and exhibited by Prof. T. Rupert Jones, F.R,S., 
F.G.S,, on behalf of C. S. Orpen, Esq., Smithfield, O.F.S. 

Specimens of Cetacean Ear-bones from the Suffolk and Antwerp 
Crags, and a portion of the Jaw of Hyotherium from the Pliocene of 
India, exhibited by R. Lydekker, Esq., B.A., F.G.S., in illustration 
of his papers. 

Map of the Mountain Region of British Honduras, scale 4 milli- 
metres ssl mile, showing the Geological features of the riparian 
districts, by C, H. Wilson, Esq., F.G.S. 
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November 17, 1886. 

Prof. J. W. JuDB, F.R.8., President, in the Chair. 

The Uet of Donations to the Library was read. 

The Seotetary announced ihat the following type specimens had 
beoueathed to the Society’s Museum by the late Caleb Evans, 
yiz, t-^FalcBoeorystes fflahra^ H. Woodw. (Quart, ^um. 
jivii. p* 90), and Idioricola ghhra^ H. Woodw- (Quart. 
I'onriu Cteol. Soc. Mix. p. 29), from the Lower Eocene of Ports- 
also two qiecimens of elytra of Beetles from the London 
0$y of PeeU^. 


The following communications were read : — 

1. A letter from the Lieutenant-Governor of the Falkland Islands, 
communicated by H.M. Secretary of State for the Colonies : — 

** Government Houee, 

Stanley, Falkland Islands, 
3rd June, 1886. 


“ My Lobd, — I regret to have to report that a slip of the peat- 
bog at the back of the town of Stanley, similar to that which 
occurred in November 1878 but about two hundred yards to the 
westward of the scene of that accident, took place last night, A 
stream of half-liquid peat, over a hundred yards in width, and 4 or 
5 feet deep, flowed suddenly through the town into the harbour, 
blocking up the streets, wrecking one or two houses in its path, and 
surrounding others so as completely to imprison the inhabitants. 
Fortunately, as the night was wot and stormy, almost everyone was 
within doors, and the fow who were in the wTccked houses escaped 
in time. One child was, unfortunately, smothered in the peat, whose 
body has been recovered, but no of'^er casualties are known to have 
occurred. An old man is, however, reported to be missing this 
morning, and it is feared he may also have perished, as part of 
his house is almost filled with peat. * * ^ * The slip was 
caused, apparently, by the unusually heavy rains which have fallen 
during ttio last few days, and which the drains constructed by 
Mr. Bailey, the Surveyor, in 1878, proved insufficient to carry off. 
Deeper and wider cuttings will now be made, and I trust that the 
recurrence of any similar catastrophe may thus be prevented. The 
town of Stanley is, however, from its situation and the mass of 
peat-bog on the high ground behind it, always to some extent ex- 
posed to danger of this nature in times of unusually heavy rainfall. 


“ I have &c., 

“ (Signed) 

** Mon, Earl GranviUe^ K.G,, 


Arthue Barkey.” 


♦ See Quart. Joum. Geol. Soo. vol. xxxv. Proo. p. 96, 
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2. “ On the Drifts of the Vale of dwyd, and their relation to the 
Caves and Cave-deposits.^ By Prof. T. M«Kenny Hughes, H.A., 
RG.S. 

The following specimens were exhibited ; — 

Implements and specimens from Drift-deposits, exhibih^ by 
P^of. T. M^'Henny Hn^es, M.A., F.G.S., in iUustration of ius 
::]paper. '■ 

^pectmens of MetamorpMo Bo<^ £rom the Malfem HBle , 

S SpeDiinens iBnstrating Metamor^ism in Ijsard 
Hted by J. J. B. Teal, Esj., H*A«, E.G-S. 


December 1, 1886. 

Prof. J. W. JxjDD, F.It.S., President, in the Chair. 

Henry Howe Amold-Bemrose, Esq,, M.A., Lonsd^e Place, Derby ; 
Eichard Assheton, Esq., B.A., Downham Hall, Clitheroe ; Francis 
Arthur Bather, Esq., B.A., Redhouse, Boehampton, S.*W. ; Bev. 
Joseph^ Campbell, M.A., Parsonage, Glen Innes, Hew England, 
H. S. Wales ; John Wesley Carr, Esq., B.A., University College, 
Hottingham; Thomas J. G. Fleming, Esq., Limavady, co. Der^, 
Ireland; Thomas Forster, Esq., Umaria Colliery, Umaria, India; 
Edmund Johnstone Garwood, Esq., B.A., Villa Giuseppina, Caden- 
abbia, Lago di Como, Italy ; George Samuel Griffiths, Esq., 22 Collins 
Street West, Melbourne ; Dr. Frederick Henry Hatch, Ph.D., Aubry 
Lodge, Wellesle)’’ Boad, Gunnersbury, W. ; Robert Tuthill^ Litton, 
Esq., Market Street, Melbourne ; Frederick William M«irtin, Esq., 
87 Charlotte Boad, Edgbaston, Birmingham ; Richard D. Oldham, 
Esq., A.B.S.M., Geological Survey of India, Calcutta ; Forbes 
Rickard, Esq., F.C.S., Ashcombe, Carlton Boad, Putney, S.W. ; 
Albert Charles Seward, Esq., B.A., St. John’s College, Cambridge; 
Herbert William Vinter, Esq., M.A., Wesleyan College, Truro, 
Cornwall ; and Charles D. Walcott, Esq., U.S. Geological Survey, 
Washington, D.C., U.S. America, were elected Fellows of the 
Society. • • 

The List of Donations to the Library was read. 

The Pbesideex announced that he had received from Prof, Ulrich, 
of Dunedin, H.Z., the announcement of a very interesting discovery 
which he had recently made. In the interior of the South Island 
of Hew Zealand there exists a range of mountains, composed of 
olivine^ehstatite rocks, in places converted into serpentine. The 
sand of the riv^s flowing f^m these rocks contains metallic particles 
which, on analysis, prove to be an alloy of nickel and iron in the 



4 


PROCBBBINGS OF THE GEOLOGICAL SOCIETY. 


proportion of two atoms of the former metal to one of the latter, 
particles have also been detected in the serpentines. This 
alloy, though new as a native terrestrial product, is identical with 
the substance of the Octibeha meteorite, which has been called 
octibehite. Prof. Ulrich has announced his intention of communi- 
cating to the Society a paper dealing with the details of this 
discovery — ^which is certainly one of the most interesting that 
has been made since the recognition of the terrestrial origin of the 
Ovifak irons. 

The following communications were read : — 

1, On a new Genus of Madreporaria — Gly^hastroBa^ with re- 
marks on the Morphology of Glyphastrcea Forhesi^ Edw. & H., sp,, 
fiirbm the Tertiaries of Maryland, U.S.” By Prof. P, Martin 

M*p., E.E.8., F.G.S., &c. 

2. ‘^On the Metamorphic Books of the Malvern Hills.— ‘Part 1.” 

Esq., E.G.S., Lecturer on Mineralogy in the 
Eoyal School of Mines. 

8. « On Fossil Chilostomatous Bryozoa from New Zealand.^' By 
Arthur Wm. Waters, Esq., F.G.S. 

The following specimens were exhibited: — 

Specimens of Metamorphic Bocks from the Malvern Hills, ex- 
hibited by Frank Butley, Esq., F.G.S., in illustration of his paper. 

Fossil Corals, exhibited by Prof. P. M. Duncan, M.B., F.B.S., 
F.G.8., in illustration of his paper. 

A specimen and section of Great Corndon Laccolite from Shrop- 
shire, showing junction of the erupted rock with the overlying 
Ladywell Schist, exhibited by C. J. Alford, Esq., F.G.S. 


December 15, 1886. 

Prof.^.W. Judd, F.B.8., President, in the Chair. 

John Usher, Esq., Wentworth Court, Sydney, New South Wales, 
and Joseph Tertius Wood, Esq., Shaw House, Bochdale, were 
elected F^ows of the Society, 

The list of Donations to the Library was read. 

The following communications were read : — 

L ** Notes on NummuUtes eUgam^ Sow., and other Engh>h Num- 
By Prof. T. Bupert Jones, F.B.S., F.G.S, 
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2. “ On the Dentition and Affinities of the Selachian Genus 
PtycTiodus^ Agassiz/^ By A. Smith Woodward, Esq., E.G.S. 

3. “ On a Molar of a Pliocene type of Equm from Nubia.’* By 
R. Lydekker, Esq., B.A., E.G.S. 

The following specimens were exhibited : — 

Specimens of Nummulites, exhibited by Prof. T. Rupert Jones, 
F.R.S., E.G.S., in illustration of his paper. 

Specimens, exhibited by Henry Willett, Esq., E.G.S., and Dr. H. 
Woodward, E.R.S., E.G.S., in illustration of the paper by A. Smith 
Woodward, Esq., E.G.S. 

Two molars of Equus^ exhibited by R. Lydekker, Esq., E.G.S., in 
illustration of his paper. 


January 12, 1887. 

Prof. J. W. Judd, E.R.S., President, in the Chair* 

Erederick Joseph Eorfeitt, Esq., Medburn, near Elstree, Hert- 
fordshire; James Lemon, Esq., M.Inst.C.E., Lansdowne House, 
Southampton, and Palace Chambers, Westminster; Charles Samuel 
Routh, Esq., 14 Southampton Street, Bloomsbury; and Thomas 
Davies Whittington, Esq., B.A., 6 Norlands, East Dulwich Road, 
S.E., were elected Eellows ; Professor Josiah Dwight Whitney, of 
Cambridge, Mass., U.S.A., a Foreign Member, and Professor A. de 
Lapparent, of Paris, a Foreign Correspondent of the Society. 

The List of Donations to the Library was read. 

The Peesidbnt announced the sad loss which the Society had 
sustained since the last Meeting by the death of Mr. John Arthur 
Phillips, F.R.8., who had been for several years a valuable member 
of the Council, and one of the Yice-Presidents of the Society. 

The following communications were read ; — 

1. “ The Ardtun Leaf-beds.” By J. Starkie Gardner, Esq., 
E.G.S., E.L.S. ; with Notes by Grenville A. J. Cole, Esq., E.G.S. 

2. “ On the Echinoidea of the Cretaceous Strata of the Lower 
Narbadd Region.” By Prof. P. Martin Duncan, M.B., E.R.S., E.G.S. 

3. “ On certain Dinosauiian Vertebrm from the Cretaceous of India 
and the Isle of Wight,” By R. Lydekker, Esq., B.A., E.G.S. 

4. Further Notes on the Results of some deep Borings in Kent.” 
By W. Whitaker, Esq., B.A., F,G.S, 



; ‘ SSw foQoW&ig fipe<»iaaens were exhibited j — 

rook*«pwiniens, and microscopic sections, exhibited 
t by J* S. Gardner, Esq., E.G.S., in illustration of his paper. 

Eobinoderms from the three Calcareous deposits of the Cretaceous 
formation, Bdg Series, exhibited by Prof. P. M. Duncan, M.B., 
E.Bi.S., F.G.S., in illustration of his paper. 

Specimens of cores, exhibited by W. Whitaker, Esq., B.A., F.G.S., 
in iEustration of his paper. 


January 26, 1887. 

Prof. J. W. Junn, F.B.S., President, in the Chair. 

Abraham Farrar, Esq., Jun., The Grange, Beech Grove, Harro- 
gate, and Frederick Schute, Esq., 3 West Mount, Scarborough, were 
elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read ; — 

1. “On the Correlation of the Upper Jurassic Bocks of the Jura 
with those of England.” By Thomas lioberts, Esq., M.A., F.G.S. 

2. “ The Physical History of the Bagshot Beds of the London 
Basin.” By the Bev. A. Irving, B.Sc., B.A., F.G.S. 

The following specimens were exhibited ; — 

Specimens from the Bagshot Beds, and of combination analyses, 
exhibited by the Bev. A. Irving, B.Sc., F.G.S., in illustration of his 
paper. 

Photographs of a Glacial Pot-hole, at Archibald, Pa,, U.8.A., 
exhibited by Archibald Geikie, LL.D,, F.B.S., V.P.G.S. 


February 9, 1887. 


Prof. J. W. Judd, F.B.S., President, in the Chair. 

Famfleld, Esq., Eversley House, Guildford ; Henry Hill 
E8q.,B.A., Napier, New Zealand ; and John Morison, M.D,, Victoria 
Et. Albans, were elected Eellows of the Society. 

7^1^ of Bonations to the Library was read. 



mmmcm mmm. 

The {oUowiag ooxnmtmioaiiozm were read : — 

1. ** Evidence of 01aeial Action in the Carboniferons n-nd Hawkes- 
bnry Series, New South Wales/^ By T. W. Edgworth David, Isq., 
F.G.S. 


2. “The Terraces of Rotomahana, New Zealand/^ By Josiah 
Martin, Esq., ms. ^ 


3. “ The Eruption of Mount Tarawera.” By Capt. F. W. Hutton, 
F.G.S. 

The following specimens were exhibited : — 

Specimens of glacially polished blocks, from the Carboniferous 
glacial beds of New South Wales, and photographs of sections in 
those deposits, exhibited by T. W. Edgworth David, Esq., F.0.8,, in 
illustration of his paper. 

Faceted and striated boulders from the Olive Beds (Pretertiary) 
of the Salt Range, Punjab, India, exhibited by W. T. Blanford, 
LL.D., F.R.S., Sec.G.S. 

Photographs of the Terraces of Rotomahana, exhibited by Josiah 
Martin, Esq., F.G.S., in illustration of his paper. 

Photographs and specimens of Volcanic materials with microscopic 
sections, exhibited by Capt. F. W. Hutton, F.G.S., in illustration of 
his paper. 

Maps, plans, and photographs with specimens of Volcanic dust, 
&c,, illustrating the eruption of Tarawera, exhibited by James 
Hector, C.M.G., M.D., F.U.S., F.G.S. 

Striated stone from the Upper Old lied Conglomerate, Pennine 
Escarpment near Melmerby, Cumberland, exhibited by J. G. Good- 
child, Esq., F.G.S. 
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ANNUAL GENERAL MEETING, 


Eebmaiy 19, 1887. 


Prof. J. W. Jttdd, P.E.S., President, in the Chair. 


Report op the Council for 1886. 

In presenting their Report for the year 1886, the Council of the 
Geological Society have much pleasure in once more congratulating 
the Fellows upon the prosperous state of the Society, although they 
have not to announce any increase in the total number of Fellows. 
But the Income of the Society has been larger and the Expenditure 
less than in the year 1885, so that notwithstanding the Investment 
of a sum of £260, the Balance in the Society’s favour shows a con- 
siderable increase. 

The number of Fellows elected during the year is 41, of whom 30 
paid their fees before the end of the year, making with 16 previously 
elected Follows, who paid their fees in 1886, a total accession 
during the year of 46 Fellows. Against this we have to set the 
loss by death of 28 Fellows, and by resignation of 10 Fellows, while 
10 Fellows were removed from the List for non-payment of their 
contributions, making a total loss of 48 Fellows. There is thus an 
actual decrease of 2 in the number of Fellows of the Society. Of the 
28 Fellows deceased, 5 were Compounders, and 6 non-contributing 
Fellows ; the number of contributing Fellows is increased by 2, 
being now 833. 

The total number of Fellows, Foreign Members and Foreign 
Correspondents was 1425 at the end of the year 1885, and 1423 at 
the clpse of 1886. 

At the end 0l 1885 there was one vacancy in the List of Foreign 
Members, and this was filled up in the course of 1886. During the 
year, intelligence was received of the decease of one Foreign Mem- 
ber. The List of Foreign Correspondents also showed one vacancy 
at the end of 1885, and intelligence was received in 1886 of the 
decease of another Foreign Correspondent. This loss, with the 
fillii^ up of the vacancy among the Foreign Members, caused in all 
3 vac^cies in the List of Foreign Correspondents, two of which were 
fijled np within the year. Thus at the close of the year 1886 
one vacancy in the list of Foreign Membeis, and one in 
that of Foreign Correspondents. 
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The total Eeoeipts on account of Income for the year 1SB6 
were £2669, being £117 Is, 4cL more than the estimated Income 
for the year. The total Expenditure, on the other hand, was only 
£2278 14a. 3^., or £229 la. 9d. less than the estimated Expenditure 
for the year. The excess of the Income over the Expenditure of 
the year was £390 5a. 9d, 

A sum of £250 12a. 6d. having been expended in the purchase of 
£250 reduced 3 per cent, stock, the balance at the disposal of the 
Society at 3l8t December last amounted to £570 19a. Id, As the 
Council have every reason to believe that the expenditure of the 
present year will be well within the estimates, they think it may be 
advisable in the course of the coming summer to make use of a part 
of the above balance for the execution of necessary repairs, painting, 
<fec., of the interior of the Society’s House. 

The Council have to announce the completion of YoL XLII. of 
the Society’s Quarterly Journal, and the commencement of Vol, 
XLIII. 

In consequence of the sudden death of the late Clerk, Mr, W. W, 
Leighton, the Council were led to consider the organization of the 
paid Officers of the Society, and they decided formally to combine 
the office of Clerk with that of Assistant Secretary, giving him a 
second Assistant, whose duties should be primarily those of a Clerk 
in the Office, but with the proviso that he should assist in the work 
of the Library when required to do so. After a careful consideration 
of the testimonials of numerous applicants, the Council appointed 
Mr. E. E. Brown to the vacant post, and the appointment was duly 
confirmed by the Society at the Meeting of the 2ist of April, 1886. 

The Council have awarded the Wollaston Medal to J. Whitaker 
Hulke, Esq., F.E.S., F.G.8., in recognition of the importance to 
Geological Science of his researches into the structure and affinities 
of Fossil Reptilia, especially of the Dinosauria. 

The Murchison Medal, with the sum of Ten Guineas from the 
Fund, has been awarded to the Rev. P. B. Brodie, M.A., F.G.S., 
as a mark of appreciation of his long-continued study of the 
Stratigraphy of Central England, and of his important contributions 
to the Science of Fossil Entomology. 

The Lyell Medal, with the sum of Twenty- five Pounds from the 
proceeds of the Fund, has been awarded to Samuel Allport, Esq., 
F.G.S., in recognition of the admirable work done by him as one of 
the pioneers of the science of Microscopic Petrology*. 

The Bigsby Medal has been awarded to Prof. Charles Lapworth, 
LLJ)., F.G.S., as a testimony to the value of his paleontological 
and stratigraphical researches, and particularly of the additions made 
by him to our knowledge of the structure and distribution of Grap- 
tolites, and of his investigation of the Lower Palmozoic and Archaean 
Bocks of Scotland. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to B. X. Peach, Esq., F.G.S., in token of appreciation 
of his important contributions to the Palmontology and Geology of 
Scotland, and to aid him in future investigations. 
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Mmioe <)f the. proceeds of the Murchison Geological Fund 
kas been awarded to Kobert Kidston, Esq., F.G.S., in recognition of 
the value of his studies in Fossil Botany, and to aid him in further 
prosecuting his researches into the structure and affinities of the 
plants found in the Carboniferous Eocks. 

The balance of the proceeds of the Lyell Geological Fund has been 
awarded to the Eev. Osmond Fisher, Esq., M.A., F.G.S., in testimony 
of appreciation of his contributions to the Physical History of the 
Earth, and to various branches of Physical Geology, and to assist 
him in continuing his studies of these and similar subjects. 
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IX 


Ebpoet oe the Libeabt awd Mitsettm Coioiirra*. 


Library. 

Since the last Anniversary Meeting a great number ^ 

additions have been made to the Library, both by donation a 

^^rto^tions the Obraxy has received about 167 
separately published works and Survey aboS 

seLrate impressions of Memoirs and other PampUete, besides ab 
153 vol^rand 78 detached parts of the pubhcations of van^ 

Societies. Besides these about 11 if Smes of 

presented chiefly by them respective Editors, and 
Newsnaners of various kinds have been received. nf 

2itute I total addition to the Society’s Library, by donat , 
about 350 volumes and 321 pamphlets. nuorta have been 

A considerable number of Maps, P ans, chiefly as in 

added to the Society’s collections by whose 

former years, from the Ordnance Survey o 'p-on, the French 

Sr™nt."a Geological Map of Zillah Behar 

W. T. Thiselton Dyer, 2 copies (one coloured, one in 

white)ofageologicalmap ofthem^^inregionof^^^^ ^ 

prepared and presented by 0. H. Mouschketoft and a 

geological map of Russian Turkestan by M. J. . n -q^ 

feoloScal map of the United States of North America, by L. 

^mSM^uLber of Maps, Plans, and Charts presented during 
Sd maps above referr^ to 

158 personal Donore, the Editors or Pubhshera of IS Pen^c)^. a 
177 Societies, Surveys, and other Public Bo^es, making 

^°Bf*Purohase, on the recommendation of tiie 
Oonmittee, the Library has revived of various 

Books, and of 61 parts (making about 20 volmes) ^ 
Periodicals, besides 83 parts of eert^ worto P . 

Of the Geological Survey Map of France, 7 s (jeoloeical 
obtained by purchase, besidM 12 ®^%-assear^d 

Map of France and the neighbouring districts, by m • 



ot thb «boi.o©ioax socbdeet. 

He eost of Books, Periodicals, and Maps purdiased during the 
yeaar 1886 waBX44 17s lOd.^ and of Binding £66 IS^. 4if., making a 
total of £111 

’ "With the view of rendering the Library more useful to the Pellows, 
it is now kept open on the days of the Societ/s Meetings from 5 to 
8 o’clock in the evening. 


Mmeum. 

^ The Collections in the Museum remain in much the same con- 
dition as at the date of the last lleport of the Committee. 

The additions during the year 1886 have not been numerous ; 
they consist of a collection of specimens presented by M. jF. Cornet, 
illustrating his paper on the Phosphatic Beds in the neighbourhood 
of Mons ; of a collection of rock-specimens from Assouan, presented 
by Sir J. W, Dawson and Prof. Bonney; and of 2 elytra of 
Beetles from London Clay of Peckham, a specimen of Palceocorystes 

f laora, and one of Litoricola glahra from the Lower Eocene of 
Portsmouth, bequeathed to the Society by the late Caleb Evans, 
Esq., E.C.S. 
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GoiiPABATIVaS STATEtfBNT OF THE NtTMBEB OF THE SoCXEXT AT THE 
CLOSE OF THE TEABB 18S5 AND 1886. 


CompoiinderB 

Contributing Fellows 

Non-contributing Fellows . . 


Foreign Members 

Foreign Correspondents . . . , 


Dec 31, 1885. 

Deo. 31, 1886. 

312 

314 

831 

833 

204 

198 

1347 

1346 

39 

39 

39 

39 

1425 

1423 


Oom^arative Statenunt eccplanatory of the Alterations in the Nwmher 
of Fellows^ Foreign Members^ and Foreign Correspondents at the 
dose of the years 1885 and 1886. 


Number of Compounders, Contributing and Non- 
contributing Fellows, December 31, 1886 .... 
Add Fellows elected during former year and paid 

in 1886 

Add Fellows elected and paid in 1886 


Deduct Compounders deceased 6 

Contributing Fellows deceased 17 

Non-contributing Follows deceased .... 6 

Contributing Fellows resigned 10 

Contributing Fellows removed 10 


1347 

16 

30 

1393 


48 


Number of Foreign Members, and Foreign 1 
Correspondents, December 31, 1885 . . . . / 

Deduct Foreign Member deceased 1 

Foreign Correspondent deceased . . 1 

Foreign Correspondent elected 
Foreign Member J 


1345 


78 


— 3 


Add Foreign Member elected 


75 

1 


Foreign Correspondents elected ........ 2 


— 78 


1428 



u 
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DsoEAfiBB Fellows. 
Compounders (5). 

Auldjo, J,, Esq. Eomilly, Hon. E. 

Cardwell, Viscount. Storey, E., Esq. 

Morris, Prof. J. 


Resident and other Contributing Fellows (17). 


Blount, W., Esq. 
Bunbury, Sir C. J. F. 
Busk, Prof. G. 
Gumming, J., Esq. 
Dawson, J,, Esq. 
Downes, Rev. W. 
Evans, C., Esq. 
Enniskillen, Earl of. 
Fergusson, Dr. J. 


Grote, A., Esq. 
Guthrie, I?rof. F. 

Holl, Dr. H. B. 

Milnes, W., Esq. 
Seyton, C. S., Esq. 
Smith, T. M., Esq. 
Steele, Dr. J. D. 
Whitehead, F. T., Esq. 


Adams, W., Esq. 
Carey, Sir P. 
Ellis, F. J., Esq. 


Non-contrihutinr/ Fellows (6). 

Harding, Lieut. -Col. W. 
Lauranoe, J., Esq. 
Richardson, J,, Esq. 


Forelijn Member (1). 
Abich, Dr. H. 


Foreign Correspondent (1), 
Guiscardi, Professor G. 


Green, W. A., Esq. 
Haatizigs, Rev; F. 

Dr. J. P. 
a. Esq. 


Fellows Resigned (10). 

Provis, E., Esq. 
Ramsay, A., Esq. 
RandeU, J. S., Esq. 
Tarbotton, M. O., Esq. 
Thornbum, J., Esq. 



AinmAX. 


H 


Buigan, J., Esq. 
Fisher, H., Esq. 
Forstier, E. C., Esq. 
Mason, J. W., Esq. 
Meohin, Eev. E. 


Fetlow$ Eemoved (10). 

Parton, T., Esq. 

Eogers, Br. G/ 

Shiespear, Lient.-CoL J. B. 
Simpson-Baikie, E., Esq. 
Woodhouse, Eev. T. E. 


The following Personage was elected from the List of Foreign Cor-- 
respondents to fill a vacancy in the List of Foreign Members 
during the year 1886. 

Professor Gustav Tschermak of Vienna. 


The following Personages were elected Foreign Correspondents during 
the year 1886. 

Professor J. Vilanova-y-Piera of Madrid. 

Professor H. Eosenbusch of Heidelbei^. 


After the Eeports had been read, it was resolved 

That they he received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 


It was afterwards resolved : — 

That the thanks of the Society be given tp Br. John Evans 
retiring from the office of Vice-President. 

That the thanks of the Society be given to Br. John Evans, Br. 
G. J. Hinde, John Hopkinson, Esq., and W. Topley, Esq., retiring 
from the Council. 

After the Balloting-glasses had been duly closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been drdy elected as the Officers and Council for the ensuing 
year i — 



FBOCEBDXlirCKS OJT THB 0 EOLOeiCAL 80 CIEIY. 



OFFICERS. 

FBESIDMT. 

Prof . J. W. Judd, F.R.S. 

nm-mMmmrs. 

H. Bauarmau, Esq. 

Prof, T. 6. Boxmey, B.So., F.B.8. 

A. Goikie, LL.I)., F.R.S. 

Henry Woodward, LL.B., F.R.S. 

mCBETABIES. 

W. T, Blanford, LL.D., F.R.8. 

W. H. Hudleston, Esq., M.A., F.E.8. 

FOREIGN SECRETARY. 

Warington W. Smyth, Esq., M.A., F.R.S. 


TREASURER. 

Prof. T. Wiltshire, M.A., F.L.S. 


COUNCIL. 


H. Bauerman, Esq. 

W. T. Blanford, LL.D., F.R.S. 

Prof. T. G. Bonndy,* D.Sc., LL.D 
F.B.S. 

A. Champernowne, Esq., M.A. 
Thomas JDavies, Esq. 

Prc^. P. M. Duncan, M.B., F.R.S. 
A. Geikie, LL.D., F.R.S. 

Heniy Hicks, M.D., F.R.S. 

Rey> £d^ Hill, M.A. 

W. Esq., M.A,, F.R.S 

Pim i?* HoKenny Hughes. 


Prof. T. Rupert Jones, F.R.S. 

Prof. J. W. Judd, F.R.S. 

R. Lydekker, Esq., B.A. 

J. E. Marr, Esq., M.A. 

E. Tulley Newton, Esq. 

Prof. H. G. Seeley, F.R.S. 
Warington W. Smyth, Esq,, M.A. 
F.R.S. 

J. J. H. Teall, Esq,, M.A. 

Prof. T. Wiltshire, M.A., F.L.S. 

Rev. H. H. Winwood, M,A. 

Henry Woodward, LL.D., F.R.8. 



AJTNtTAL BBPOBX. 


LIST OF 

THE POEEIGN MEMBEES 

OF THE GEOLOGICAL SOCIETY OF LONDON, m 1886, 

Dttteof 

Kldadon* 

1827. Dr. H. Ton Declien, JBonn* 

1S48. J^‘ames Hall, Esq., Albany f Slate af New JorA;, 

1850, Professor Bemha^ Studer, Berne. 

185L Professor James D. Dana, 

1851. General G. von Helmersen, St. Beterebury. (peeeemA) 

1858. Count Alexander von Keyserling, BaykHU^ 

1858. Professor L. G. de Koninck, lASge. 

1856. Professor Eobert Bunsen, For. Mem. E.S., Meiddbery^ 

1857. Professor H. B. Geinitz, Dresden. 

1869. Dr. Ferdinand Eomer, Breslau. 

1860. Dr. H. Milne-Edwards, For. Mem. E.S., Paris. (Deceased."^ 
1864. M. Jules Desnoyers, Paris. 

1866, Dr. Joseph Leidy, Philadelphia. 

1867. Professor A. Daubr^e, For. Mem. R.S., Pom, 

1871. Dr. Franz Ritter von Hauer, Vienna. 

1874. Professor Alphonse Favre, Geneva. 

1874. Professor E. Hubert, Paris, 

1874. Professor Albert Gaudiy, Paris. 

1876. Professor IVidolin Sandberger, Wurzburg. 

1876. Professor Theodor Kjerulf, Chmtiania, 

1876. Professor F. August Quenstedt, Tubingen. 

1876. Professor E. Bey rich, Berlin. 

1877. Dr. Carl Wilhelm Giimbol, Munich. 

1877. Dr. Eduard Suess, Vienna. 

1879. Dr. F. V. Hayden, Wadiingtm, 

1879. Major-General N. von Kokscharow, St, Petersburg. 

1879. M. Jules Marcou, Cambridge, XI. S. 

1879. Dr. J, J. 8. Sieenstrup, For. Mem. R.S., Copenhagen. 

1880. Professor Gustave Dewalque, LUge. 

1880. Baron Adolf Erik Nordenskiold^ Stockholm. 

1880. Professor Ferdinand Zirkel, Leipzig. 

1882. Professor Sven Lov^n, Stockholm. 

1882. Professor Ludwig Riitimeyer, Basle. 

1883. Professor J, S. Newberiy, Neto York. 

1883. Professor Otto Martin Torell, Stockholm, 

1884. Professor G. Capellini, Bologna, 

1884. Professor A. L. 0. Des Cloizeaux, For. Mem. R.S., Parie, 

1884. Professor G. Mensgbini, Pisa. 

1884. Professor J. Szabd, PesLh. 

1886. Professor Jules Goaselet, Lille. 

1886. Professor Gustav Tschermak, Vienna. 

VOL. XLUX, 
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ntocBEDXiros ojr the sBot.oaiou bocibit. 


LmT OF 

THE FOREIGN CORRESPONDENTS 


OF THE GEOLOGICAL SOCIETY OP LONDON, in 1880. 


Bate of 
Blectioii. 


1868. Count A. G. Marschall, Vtenna. 

1863. Professor Giuseppe Ponzi, Borne, (Deceased,) 

1863. Dr* F. Senft, JBisenach, 

1864. Dr. Charles Martina, MontpelUer, 

1B8& l?toUssm J. P. Lesley, Philadelphia, 

18064 Professor Victor RauHn, Bordeaux, 

1800. Baron Achille 8e Zigno, Padua, 

1878. Herr Bionys Stur, Vienna. 

1878. Professor J. D. VHbitney, Cambridpe, U. S, 

1874. Professor Igino Oocchi, Phrenee. 

1874. M. Gustave H. Ootteau, Atixerre, 

1874. Professor G. Seguenza, Messina, 

1874. Dr. T. 0. Winkler, Haarlem, 

1877. Professor George J. Brush, New Haven. 

1877. Professor E. Renevier, Lausanne, 

1877. Count Gaston de Saporta, Ai 3 >en^ Provence, 

1879. Professor Pierre J. van Beneden, ror.Mem.R.S., Lmvain, 

1879. M. tdouard Dupont, Brussels. 

1879. Professor Gerhard Vom Rath, Bonn, 

1879. Dr. jfimile Sauvage, Paris. 

1880. Professor Luigi Bellardi, Turin, 

1880. Professor Leo Lesquereux, Colurnbus, 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Renard, Brus^^'ls. 

1881. Professor E. D. Cope, Philadelphia. 

1882. Professor Louis Lartet, Toulouse, 

1882. Professor Alphonse MUne-Ed wards, Paris, 

1883. M. Francois Leopold Cornet, Mons. 

1883. Baron Ferdinand von Richthofen, Leipzig, 

1883. Professor Karl Alfred Zittel, Munich, 

1884. Dr. Charles Barrois, Lille, 

1884. M. Alphonse Briart, Moidanweh, 

1884. Professor Hermann Credner, Leipzig, 

1884. Baron C. von Ettingshausen, Gratz, 

1884. Dr. E. Mojsisovics von Mojsvdr, Vienna, 

1885. M. F. Fouqu4, Paris, 

1885. Professor G. Lindstrom, StocJcholm, 

1885, Dr. A. G. Nathorst, Stockholm. 

1886, Professor H. Rosenbusch, Heidelberg, 

1886* Professor J. Vilanova y Hera^ Madrsd, 



ASSVXl KBTOBT. 




AWARDS OF THE WOLLASTON MEDAL 

UNDER THE CONDITIONS OF THE '^DONATION FUND^^ 
SSTABLXSHEO BY 


WnXIAM HYDE WOLLASTON, M.D., E3.S., E*aS„ Ac. 

pToxnote resesidiss concendng the mmeral stmtoe 
mi to onaMs tho Oooncil of the Geological Soeietj 

of an^ country by 'whom such researches may 
made,” — *^such individual not being a Member of the OdahdDL^^ 


1831. Mr.WmiamSimth, 

1835. Dr.a A.ManteU, 

1836. M. Louis Agassiz. 

I Capt. T. P. Cautley. 

* I Dr. H. Falconer. 

1838. Sir Bichard Owen. 

1839. Professor 0. G. Ehrenberg. 

1840. Professor A. H. Dumont. 

1841. M. Adolphe T. Brongniait. 

1842. Baron L. yon Buch. 

IQ^o j M. Elie de Beaumont. 

IM.P. A.DufWnoy. 

1844. Bev. W. D. Conybeare. 

1846. Professor John Phillips. 

1846. Mr. William Lonsdale. 

1847. Dr. Ami Bou4. 

1848. Bev. Dr. W. Buckland. 

1849. Professor Joseph Prestwich. 

1860. Mr. William Hopkins. 

1861. Bev. Prof. A. Sedgwick. 

1862. Dr. W, H. Fitton. 

1863. -} Vi<5omte A. d’Archiac. 

' f M, E. de Vemeuil. 

1864. Sir Elchard Giifiith. 

1865. Sir H. T. De la Beche. 

1866. SirW. E. Logan. 

1867. M. Joachim Barrande. 

1868 I Hermann von Meyer. 

* (Mr. James Hall. 

1869. Mr. Charles Darwin. j 


1860. Mr. Searles V. Wodd. 

1861. Prohor Dr. H. G. Broun. 

1862. Mr. B. A. C. Godwin-Aosten. 

1863. Professor Gustav Bischof. 

1864. Sir B. 1. Murchison. 

1866. Dr. Thomas Davidson. 

1866. Sir Charles Lyell. 

1867. Mr. G. Poulett Scrope. 

1868. Professor Carl F. Naumann 

1869. Dr. H. C. Sorby. 

1870. Professor G, P* Deshayes. 

1871. Sir A, C. Bamsay. 

1872. Professor J, D. Dana. 

1873. Sir P. de M. Grey-Egerton. 

1874. Professor Oswald Heer. 

1876. Professor L. G. de Koninck. 

1876. Professor T. H. Huxley. 

1877. Mr. Bobert Mallet. 

1878. Dr. Thomas Wright. 

1879. Professor Bernhard Studer. 

1880. Professor Auguste Daubr^e. 

1881. Professor P. Martin Duncan. 

1882. Dr. Franz Bitter von Hauer. 

1883. Dr. W. /l*. Blanford. 

1884. Professor Albert Gaudiy. 
1886. Mr. George Busk. 

1886. Professor A. L. 0. Dea 

Cloizeaux. 

1887, Mr. J. W. 





7B0C1EDIFQS OF THS 0SOLOG1CAL BOCIETT. 


AWABD8 

OP THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 
" DONATION-FUND.” 


1881. Mr. William Smith. 

1893. Mr. William Lonsdale. 
jlSHA M. Louis^Agassiz. 

, 198$. Dr. a A. MtmtelL 

Professor G. P. Beshayes. 
tm. Sir Ricliard Owen. 

1888. Professor C. G. Ehrenherg. 
1S40. Jdr. J. Be Carle Sowerby. 

1841. Professor Edward Forbes. 

1842. Professor John Morris. 

1848. Professor John Morris. 

1844 Mr. William Lonsdale. 

1845. Mr. Geddes Bain. 

1846. Mr. William Lonsdale. 

1847. M* Aloide d’Orbigny. 

. ^ j Cape-of-Good-Hope Fossils. 
I M. Alcide d’Orbigny. 

1849. Mr. William Lonsdale. 

1850. Professor John Morris. 

1851. M. Joachim Barrande. 

1852. Professor John Morris. 

1853. Professor L. G. de Koninck. 

1854. Dr. S. P. Woodward. 

1855. Brs. G. and F. Sandberger. 

1856. Professor G. P. Beshayes. 

1857. Br. S. P. Woodward. 

1858. Mr, James Jlall. 

1859. Mr. Charles Peach. 

i T. Rupert Jones. 

IMr. W. K. Parker. 


1861. Professor A. Daubrde, 

1802. Professor Oswald Heer. 

1863. Professor Ferdinand Senfl 

1864. Professor G. P* Beshayes* 

1865. Mr. J. W. Salter. 

1806. Br. Henry Woodward. 

1887. Mr. W. H. Baily, 

1868. M. J. Bosquet. 

1869. Mr. W. Carruthers. 

1870. M. Marie Rouault. 

1871. Mr, R. Etheridge, 

1872. Br. James CroU. 

1873. Professor J. W. Judd. 

1874. Dr. Henri Nyst. 

1875. Mr. L. 0. Miall. 

187 6. Professor Giuseppe Seguenza. 

1877. Mr. R. Etheridge, Jun. 

1878. Professor W. J. SoUas. 

1879. Mr. S. Allport. 

1880. Mr. Thomas Davies. 

1881. Br. R. H. Traquair. 

1882. Dr. G. J. Ilinde. 

1883. Mr. John Milne. 

1884. ]Mr. E. Tulley Newton. 

1885. Dr. Charles Callaway. 

1886. Mr. J. S. Gardner. 

1887. Mr. B. N. Peach. 
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AWAEDS OP THE MURCHISON MEDAL 

AND OB THE 

PROCEEDS OF «THE MURCHISON GEOLOGICAL FUND,” 

ESTABLISHED X7NDEB THE WILL OF THE lATB 

SIE EODEMCK IMPEY MUBOHISON, Babt., F.E.S.* E.G-S. 

To l>e applied in etery consecntive year in sucli manner as tlie Ooti^ 
of tlie Society may deem most useful in advancing geological 
whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
inquiries bearing upon the science of geology, or in rewarding any 
such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.” 

1878. Mr, William Davies. Medal, 1881. Professor A. Geikie. Medal* 

1873. Professor Oswald Heer. 1881. Mr. F. Rutley. 

1874, Dr. J, J. Bigsby. Medal, 1882. Professor J.Gosselet. MedoL 

1874. Mr, Alfred Bell, 1882. Professor T. Rupert Jones. 

1874. Professor Ralph Tate. 1883. Professor H. R, Goppert, 

1876. Mr. W.J. Hen wood. Medal, Medal, 

1876. Professor H. G. Seeley. 1883. Mr. John Young. 

1870. Mr. A. B.C.Selwyn. iifadu/. 1884. Dr. H. Woodward. Medal. 

1876. Dr. James Croll. 1884. Mr. Martin Simpson. 

1877. Rev. W. B. Clarke. Medal. 1886. Dr. Ferdinand Romer. 

1877. Professor J. F. Blake, Medal. 

1878. Dr. H. B. Geinitz. Medal, 1885. Mr. Horace B. Woodward. 

1878. Professor C. Lapworth. 1886. Mr, W. Whitaker. MedoL 

1879. Professor F. M^Coy. Medal, 1886. Mr. Clement Reid. 

1879. Mr. J.W. Kirkby. 1887. Rev. P. B.’Brodie, MedcU, 

1880. Mr. R. Etheridge. Medal. 1837. Mr. Robert Kidston. 



rB0CE£DIKG8 OF TH39 0SOLOGICAL SOGUfiTY. 


OF THE LYELIi MEDAL 


I ^ Asm OF THE 

I t 

I Pmomns OF THE "LYILL GEOLOGICAL 

^ tJNDEE THE WIIX AND CODICIL OF THE LATE 

SIE CHABLBS LYELL, Bart., F.R.8., F.G.a 


The Medal “ to be given annually ” (or from time to time) as a mark of 
honorary distinction as an expression on the part of the governing 
body of the Society that the Medallist has deserved well of the 
Science,” — *‘not less than one third of the annual interest [of the 
fund] to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Council for the encou- 
ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 


1876. Professor John Morris. 

Medal 

1877. Dr. James Hector, Medal 

1877. Mr, W. Pengelly. 

1878. Mr. G. Busk. Medd. 

187S. Dr.W. Waagen. 

1879. Professor Edmond Hubert. 

Medal. 

1879. Professor H. A. Nicholson. 

1879. Dr. Henry Woodward. 

1880. Mr. John Evans. Medal 

1880. Professor F. Quenstedt. 

1881. Sir J. W. Dawson. Medal 

1881. Dr. Anton Fritsch. 

1881, Mr. G. B. Vine. 


1882. Dr. J. Lycett. Medal. 

1882. Rev. Norman Glass. 

1882. Professor C. Lapworth. 

1883. Dr. W. B. Cai'penter. Medal. 

1883. Mr. P. H, Carpenter. 

1883. M. E. Rigaux. 

1884. Dr. Joseph Leidy. Medal. 
1881 I’rofessor Charles Lapworth, 

1885. Professor H. G. Seeley. 

Medal 

1885. Mr. A. J. Jukes-Browne. 

1886. Mr. W. Pengelly. Medal. 

1886. Mr. D. Mackintosh. 

1887. Mr. S, Allport. Medal. 

1887. Rev. Osmond Fisher. 



Air^lTAL EBPOBT, 
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AWAEDS OP THE BIGSBY MEDAL, 

vovmmn 

. I)b.xxbigsby;e^ 

T 0 be awatiied biennially an ackao^wrledgnieut of ebslnent lelyicei 
in any di^wrtment of Geology, irrelative of the reoeiver^a couhtiy; 
but he moet not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 
much/’ 


1877. Professor 0. C. Marsh. 

1879. Professor E. D. Cope. 
1881. Dr. C. Barrois. 


1883. Dr. Henry Hicks. 

1885. Professor Alphonse Renard. 
1887. Professor Charles Lapworth. 


AWARDS OP THE PROCEEDS OP THE BARLOW- 
JAMESON PUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

Db. H. C. barlow, F.G.8. 

‘^The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.” 

1880. Purchase of microscope. 1884. Dr. Jame^ CroU. 

1881. Purchase of microscope lamps. 1884. Professor Leo Lesquereux. 

1882. Baron C, von Ettingshausen. 1886. Dr. H. J. Johnston-Lavis. 



$4 FnoCXBDIKm TWB aSOXOSICAX. socisxr. 

Estimates for 

INCOME EXPECTED, 

£ s, d, £ 8, d* 

Due for Arrears of Annual Contributions 140 0 0 

Due for Arrears of Admission-fees 50 0 0 

190 0 0 

Estimated Ordinary Income for 1887 : — 

Annual Contributions from Resident Fellows, and Non- 
residents, 1859 to 1861 1490 0 0 

Admission-fees 189 0 0 

Compositions 168 0 0 

Annual Contributions in advance 21 0 0 

Dividends on Consols and Reduced 3 per Cents 237 0 0 

Sale of Transactions, Library-catalogue, Orme- 
rod’s Index, Hochstetter’s New Zealand, and 
List of Fellows 6 0 0 

Sale of Quarterly Journal, including Longman’s 

account 190 0 0 

Sale of Geological Map, including Stanford’s 

account 7 0 0 

202 0 0 


£2487 0 0 


THOMAS WILTSHIRE, Tbbas. 
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m Year 1887 . 

EXPENDITURE ESTIMATED. 


£ s, d, £ 8. d. 

House Expenditure : 

Taxes and Insurance ! 43 10 0 

Gas.,.. 22 0 0 

Fuel 30 0 0 

Furniture and Repairs 15 0 0 

House-repairs and Maintenance 15 0 0 

Annual Cleaning 20 0 

Washing and Sundries 33 0 0 

Tea at Meetings 16 0 0 

194 10 0 

Salaries and Wages : 

Assistant Secretary 350 0 0 

Assistants in Library, Office, and Museum . 220 0 0 

House Steward 105 0 

Housemaid 40 0 0 

Errand Boy 46 16 0 

Charwoman and Occasional Assistance 30 0 0 

Attendants at Meetings 8 0 0 

Accountant 10 10 0 

810 6 0 

Official Expenditure : 

Stationery 25 0 0 

Miscellaneous Printing 22 0 0 

Postages and other Expenses 65 0 0 

112 0 0 

Library 160 0 0 

Publications : 

Quarterly Journal 950 0 0 

, „ Commission, Postage, 

and Addressing 90 Q Q 

List of Fellows 33 0 0 

Abstracts, including Postage 110 0 0 

1183 0 0 

Balance in favour of the Society 47 4 0 


£2497 0 0 


VOL. XUH, 



fBOOSEDXKO^ OIT 9HB CmOLOaXOAI. SOOIETT* 

Income and Expenditure during the 


BEOEIPTa 

^ 4». I?. 

B«]ift{iO0 in Bankm’ hands, 1 Jannaiy 1886 . 423 1 6 
)Eh^lan40 ia Clerk’s hands, 1 January 1886 . 14 4 4 



£ 8. d. 


437 6 10 
210 0 0 


Arrears of Admission-fees 100 16 0 

Admission^fees, 1886 189 0 0 

289 16 0 

Arrears of Annual Contributions 145 16 0 


Annual Contributions for 1886, viz. : 

Eesidenfc Fellows 1508 6 6 

iNon-Besideni Fellows ... 15 15 0 

1524 1 6 

Annual Contributions in advance 48 6 0 

Dividends on Consols 202 19 8 

,, Beduced 3 per Cents. ...... 33 13 6 

236 13 2 

Taylor & Francis ; Advertisements in J ournal, YoL 41 . . 4 4 6 

Publications : 

Sale of Journal, Vols. 1-41 105 7 8 

Yol. 42 82 5 9 

Sale of Library Catalogue 2 1 0 

Sale of Geological Map 15 18 11 

Sale of Ormerod's Index 2 18 8 

Sale of Hoolietetter 8 New Zea^nd 0 12 0 

Sale of List of Fellows 0 2 6 

209 6 6 

Journal Subscriptions in Advance 0 16 4 


*Due from Messrs. Longman, in addition to the 

above, on Journal, Yol. 41, &c 64 11 11 

Due from Stanford on account of Geological Map 10 0 


65 11 11 


.£3106 5 10 

We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 

(Signed) 1. FLETCHEB, 1 ^ .. 

' TnTrxr -nn-DtrTXTo/Mw > Auavtors. 



mffAKOM BSyOBX. 

Ymr ending 31 December , 1886. 

axpENDEPum 


House Expenditure t £ s. d, ^ li i 

Taxes 29 5 0 

Fire>«insura406 14 5 0 : 

Gas.. 27 16 9 

Fuel. 28 4 8 

Furniture and Eepairs 15 12 11 

Hoase>repairs. */. 29 9 6 

Annual Cleaning 1910 0 

Wasliing and Sundries 31 8 5 

Tea at Meetings 15 0 0 

210 11 0 

Salaries and Wages : 

Assistant Secretary 350 0 0 

Clerk, Eepresentatives of late 18 0 0 

Assistants in Library, Office, and Museum... 190 0 0 

House Steward 106 0 0 

Housemaid 40 0 0 

Errand Boy 4*) 0 f> 

Charwoman 2'i 8 0 

Attendants at Meetings 7 15 0 

Accountant’s Fee 10 10 0 

790 14 0 

Official Expenditure ; 

Stationery 22 9 4 

Miscellaneous Printing 26 4 0 

Postages and other Expenses’ 101 15 5 

WO 8 9 

Library Ill 11 2 

Publications : 

Geological Map 14 9 2 

Journal, Vols. 1-41 12 12 9 

Vol.42 755 14 1 

„ Commission, 

Postage, and Addressing . 89 5 10 19 11 

List of Fellows 63 12 6 

Abstracts, including Postage 109 15 0 

1015 9 4 

Investment of X250 Ileduccd 3 per Cents. 

at 1001 250 12 6 


Balance in Bankers’ hands^ 31 Dec. 1886. ,563 16 10 

Balance in Clerk’s bands, 31 Dec. 1886 . , 13 2 3 ^ - 

676 19 1 


£3106 5 10 
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THOMAS "WILTSHIRE, Trtat. 





MhtJiam m fts 

pi^6kmUti$ tim Wo&fistdn Gdld Medal to Mt* J. W. Hirxiitiifi 
Itmmms: addressed bim as folioirs : — 

m. 

It is4 Tery pleasant duty which I am called upon to perform in 
presenting you with the Wollaston Medal, as a recognition of your 
great services to the study of Vertebrate Palaeontology, A member 
of that honoured profession which has given to Geology — and espe- 
cially to the biological side of our science — so many diligent and 
accurate students, you have succeeded, in spite of the labours and 
anxieties incident to a very active career, devoted to the alleviation 
of human suffering and the training of others for the same duties, 
in finding time for very valuable researches among those wonderful 
forms of Eeptilian life which characterize the Mesozoic period. 
Tour hardlj’-earned vacations have been spent in the search of fossil 
bones among the mud-flats of Dorsetshire and the sandy cliffs of 
the Isle of Wight ; and in this way you have acquired an excep- 
tional amount of knowledge concerning the exact geological horizons 
and the mode of occurrence of the fossils you have so admirably de- 
scribed. As by successive discoveries you have been able to add 
new details to your restoration of the bony framework of Iguanodon 
you must have experienced a joy akin to that of Creation ! But 
though you are best known to the world by these osteological re- 
searches, those who, like myself, have had the happiness of being 
associated with you in the work of this Society, have discovered how 
wide is the knowledge, how catholic the sympathy, and how keen 
the interest with which you follow all the manifold developments of 
our Science. 

Mr. Httlze, in reply, said : — 

Mr. Pkesident, — 

I cannot find words adequately to express how highly I value the 
distinction which the Council has this day, by your hands, conferred 
upon me. The pleasure I experience in receiving it is in no small 
degree increased by the words of approbation which have fallen 
from your own lips. The Wollaston Medal is so truly great a 
prize, and the ^vork I have done to merit it has appeared to me so 
little in comparison with that accomplished by the long roll of illus- 
trious men on whom in past time it has been bestowed, that I have 
fancied that (as occurred to Sir Philip Egerton on a similar occasion) 
in awarding it to myself the Council may also have desired to mark 
their recognition of the labours of those who, whilst not devoting 
the chief part of their time and energy to the culture of that branch 
of Natural Science for the advancement of which our Society exists, 
yet endeavour in their leisure hours to do what in them lies to add 
to our common stock of knowledge. To you, Sir, to the Council, 
and to the Pelows^ 1 tender my warmest thanks. 
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In addition to yonr services to science as an officer of the geo- 
logical Survey of Scotland — and how important those services have 
been every geologist in recent years has had an opportunity of 
judging — you have, in conjunction with your colleague and friend, 
Mr. Horne, devoted your holidays to arduous labour in studying the 
geology of the Orkneys and Shetlands. Both the glacial and the 
volcanic phenomena of those islands have been admirably elucidated 
by your joint researches. But besides your work in the field you 
have devoted much attention to paleontological investigations ; aud 
your discoveries concerning the nature of the Carboniferous Arach- 
nids and their allies have justly excited very great interest. To 
aid you in the prosecution of such studies the Proceeds of the Wol- 
laston Donation Fund have been awarded to you, and I feel sure that 
one circumstance in connexion with this Fund will make the award 
specially welcome to you. In the roll of names of those who have in 
previous years received this distinction, will be found one, honoured 
alike by you and by us, that of your lamented father, Mr. Charles 
Peach. 

Mr. Peach, in reply, said : — 


Mr. President, — 


I desire to express my cordial thanks for the honour now con- 
ferred upon me. The pleasure derived from the pursuit of the 
researches indicated by you has more than compensated for my 
labour. It is, however, an additional gratification to me to know 
that my investigations have been deemed worthy of recognition by 
the Council of this Society. 


Award op the Murchison Medal. , 

The President next presented the Murchison Medal to the Bev. 
P. B, Brodie, M.A., F.G.S., and addressed him as follows: — 

Mr. Brodie, — 

Never probably has an award of this Society been made to one 
who can look hack upon so long a record of faithful services to 
Geology as yourself. It is now 64 years ago since you became a 
Member of this Society, at a time, when the Founder of the Medal 
which has now been awarded to you, occupied the Presidential Chair. 
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M the date of your election the * Principles of Geology^ had bnt 
just appeared, while Sedgwick and Murchison had not eyen com- 
menced their researches among the Palaeozoic rocks of Western 
Britain. A pupil of the groat Cambridge professor and infected 
with his enthusiasm, 5 'ou soon began to contribute to various 
scientific journals, our own among the number, and in 1845 your 
valuable ‘ History of Possil Insects ’ — the first treatise of the kind 
published in any language — made its appearance. A dweller in the 
provinces, you have shown how the advancement of our Science may 
best be promoted under those conditions ; and in the field-clubs and 
local societies which have done so much for the study of geology in 
the West of England, where your home lay, you have long been a 
prominent and very active worker. Your published papers on a 
great variety of subjects amount to more than 50, and only last 
year we were glad to welcome a fresh contribution from your pen, 
and to hear your clear exposition of it, as you stood before us with 
eye undimmed and with natural force unabated. The Council of 
this Society have adjudged you to be a worthy recipient of the 
Medal founded by their President of 1833. 


Mr. Brodie, in reply, said : — 

Mr. President, — 

I receive. Sir, this mark of the a})probation pf the Council with 
very great pleasure and grateful thanks ; and it was more gratify- 
ing because it took me quite by surprise. After searching the rocks 
for more than half a century, and having been a Pellow of this Society 
for 53 years, it might be expected that I should have done more to 
enlarge our knowledge of geology ; but of course my time was not 
entirely at my own disposal in this respect, and I could therefore 
only study Natural Science in the closet and the field during 
hours of leisure. As a proof that I have not been altogether idle, 
I have made during that time a large collection of fossils, number- 
ing twenty-three thousand specimens, named and arranged, more or 
less illustrating every formation in the British Isles. But of course 
a mere collection of fossils, though having a certain value, is of 
little worth without an accurate knowledge of the rocks and their 
organic contents. 

The award of the Murchison Medal is especially agreeable to 
me because I have had many pleasant and instructive days in 
the field with that distinguished geologist; but I do not foi^get 
that at Cambridge I was a pupil of the illustrious Sedgwick, 
to whom I owe a lasting debt of gratitude for the kind help and 
encouragement which that great and good professor was ever ready 
to give to any student anxious to learn. In after years, I can with 
pardonable pride speak of him as my friend. When I made 
emne of my earlier discoveries of fossil insects and other organisms 
in the Weadden Purbecks in the Vale of Wardour, I received a 
letter from him in which he said, “ you have made a good hit, go on 
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:and prosper f and this medal shows that I have so far done so. It 
is now more than half a century since I was admitted a Fellow of 
this Society, just before I went to college, and I know that some 
hesitation, and very properly, was felt whether I should take up 
geology to any good or useful purpose. But my kind proposer 
Mr. Clift, the able Curator of the College of Surgeons, to whom I 
was well known, and where I often went as a student, would not 
give me up ; and this proof of the Society’s favour just received shows 
that he was not altogether mistaken. 

In my younger days, when I resided in London, I was a regular 
attendant at the meetings of this Society, then held in Somerset 
House, where I was a humble but (I hope) not inattentive listener 
to the papers read and the discussions which followed, and I recall 
with pleasure the many intellectual combats between the geological 
giants of those days. I regret that distance from London and the 
higher duties of my profession prevent my attending our meetings 
so often as I could wish ; but though now a septuagenarian, I am 
thankful to say that I can still hammer the rocks, and that my zeal 
and love for the noble science we all love so well has not abated ; 
but I fear 1 shall not be able to do much more to elucidate their 
history, though, if younger, this Medal would encourage me to make 
still further efforts ; and my chief regret is that, for reasons stated, I 
have not been able to do more to deserve the honour which the 
f^ociety has kindly conferred upon me. I can only hope that the 
Society will pardon me for saying so much about myself. 


Awaed of the Mukchison Geological Fund. 

In handing the Balance of the Proceeds of the Murchison Geo- 
logical Fund to Dr. Henry Woojdward, F.R.S., for transmission to 
Mr. lioBERT Kidston, F.G.S., the Peesident said : — 

Dr. Woodward, — 

The Balance of the Murchison Fund has been awarded by the 
Council of the Geological Society to Mr. Kidston, to aid him in his 
important investigations among the fossil plants of the Palaeozoic 
periods. Mr. Kidston’s great knowledge of the extensive literature 
and the complicated synonymy of these forms is borne witness to 
by the valuable catalogue which he has prepared under your super- 
intendence, and which was issued only a few months ago by the 
Trustees of the British Museum ; a large number of remarkable 
memoirs have also shown his capacity for dealing with this difficult 
and intricate subject. In seeking to extend our knowledge of the 
earliest forms of plant-life, Mr, Kidston seems determined to leave 
no museum unvisited and no stone unturned, if perchance it should 
be found to exhibit any traces of an ancient vegetation. I wih ask 

TOI.. xLin* d 
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fa) ODHTiey to Mr, Eidston, with this Award, the hope of the* 
^OtHieil that it iiaay be of some assistance to him in enabling him 
fa) prosecute his researches. 

Dr. WoonwAED, in reply, said : — 

Mr. President, — 

It is with much pleasure that I am permitted to act as Mr. Kid- 
stones representative here this day, and to receive for him, at your 
hands, the award of the Murchison Donation Fund. I am sure 
Mr. Kidston would, had it been possible, have been present in person 
to receive the award. He writes as follows : — 

I desire to express my thanks to the President and Council of 
the Geological Society for the honour they have conferred upon me 
in acknowledging my labours in Fossil Eotany, an honour which I 
beg to assure them I fully appreciate ; it is one which will act as a 
stimulus in my future investigations in Yegetable Paheontology. 
My aim has always been most carefully to work out nur palaeozoic 
flora, and in this spirit I hope to continue my labours, trusting that 
the results may be of use to others.” 


Award op the Ltell Medal. 

The President then handed the Lyell Medal to Prof. Ti G. 
Bonnet, D.8c., F.R.S., for transmission to Mr. Samuel Allport, 
F.G.S., and addressed him as follows : — 

Prof, Bonnet, — 

It is to me an especially gratifying circumstance that it falls to 
my lot to deliver into your hands for transmission to Mr. Allport 
the Lyell Medal for the present year. Mr. Allport commenced the 
microscopical study of rocks at a time when the workers in that 
department of science were comparatively few, and when the road 
he had to travel was encumbered with difficulties and stumbling- 
blocks which have now been, to a large extent, removed by the 
labours of many earnest and patient workers. It was at that time 
my good fortune to know him, and to have frequent opportunities 
of admiring the perseverance and energy with which he carried on 
his researches. You have yourself from this Chair paid a warm 
and well-merited tribute to the generosity with which, at that time, 
he was always ready to assist his fellow-workers. The establish- 
mpnt of one very important principle will always be associated with 
Mr. Allport’s labours, namely, that the apparent differences between 
igneous rocks of widely different geological periods are, to a 
^^tdat extent, due to the changes which the constituent minerals of 
jtlm oMar^ undergone since their original formation* 
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His classic papers on tlie Archaean rhyolites of Shropshire and the 
Carboniferous dolerites of various parts of this country furnish^he 
clearest evidence of the truth of this principle, and in several 
thoughtful and logical essays he has very ably enforced it. On a 
great variety of other questions connected with Petrology his re- 
searches have added largely to our knowledge ; and the fine coUec 
tionof rock-sections now in the National Museum, which were made 
by his own hands, bear striking testimony to his industry and skill. 

Prof, Bonnet, in reply, expressed his regret that Mr, Allport was 
unable to be present to receive this Medal from the hands of the 
President, but said that he found some consolation in the fact that he 
had thus an opportunity of most heartily endorsing what had been 
said by the President as to the great value of Mr. AUporPs own 
work, and of the kind assistance which he was always so ready to 
afford to his fellow-labourers in the field of Petrology, Prof. Bonney 
added that he should best thank the Society by reading to them a 
letter received from Mr. Allport, in which that gentleman wrote as 
follows : — 

“ I much regret to inform you that I shall be unable to attend 
the Anniversary Meeting of the Geological Society in consequence 
of the very unsatisfactory state of my health. I venture, therefore, 
to request that you will kindly express to the Council my very 
grateful sense of the honour they have conferred upon me by the 
award of the Lyell Medal. 

“ It is, I assure you, most gratifying to me that the name of Sir 
Charles LyeU should he associated with this award ; for I have not 
only ever regarded his character and scientific method with the 
greatest admiration, hut it is undoubtedly to the study of his works 
that I am chiefly indebted for what little knowledge I possess of 
the principles of geological science/’ 


Award of the Lyell Geological Fund. 

The President next presented the Balance of the Proceeds of the 
Lyell Geological Fund to the Kev. 0, Fisher, M. A., F.G.S., and said : — 

Mr. Fisher, — 

The Council of the Geological Society has awarded to you the 
balance of the Lyell Fund, in recognition of your great and long- 
continued services to our science. Nearly forty years ago you com- 
menced your well-known stratigraphical investigations among the 
Newer Jurassios of Dorsetshire and the Older Tertiaries of the Isle 
of Wight, your attention being subsequently directed to the Pliocene 
and Post-Tertiary beds of East Anglia. At a very early period in 
your career a predilection for the great problems of Physical Geo- 
logy began to manifest itself ; and for dealing with such problems 

d2 . 
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ymt maiihematioal training gave you obvious advantages. In these 
.r^^ixches, however, which have been recorded in a number of sepa- 
memoirs, worthily crowned by the publication six years ago of 
:^ur ‘ Physios of the Earth’s Crust,’ you have always maintained a 
just estimate of the proper sphere and necessary limitations of the 
mathematical method of treatment as applied to such problems. 
Speaking of the processes you have chosen to employ, you truly 
remark in the preface to your well-known work, “ When it is re- 
oollected that, for the most part, we can assign only very hypothe- 
tical values to our symbols, it would be affectation to seek close 
results, which would, after all, have no greater value than those 
which claim to be only distant approximations.” In you we rejoice 
to see that the geologist has not been altogether lost in the mathe- 
matician, and that you have always kept in mind in your researches 
the weakness no less than the strength of the mathematical method. 

Mr. PisHBE, in reply, said : — 

Mr. Peesidext, — 

It is no small gratification to me that the Society, through its 
Council, has expressed approbation of what I have done in the 
favourite study of a long life. I commenced geologizing almost 
before I can remember, when my uncle, the Kev. George Cookson, 
taught me to collect fossils in the cliffs of my native village of 
Osmington. My work in the field is now finished, and I geologize 
in my arm-chair out of my inner consciousness, but still, I hope, to 
some purpose. It appears to be rather these later attempts to un- 
ravel some of the physical riddles of our science (although my 
earlier observations in the field have not been forgotten) which have 
been thus handsomely recognized ; and, indeed, for my own part 
I think what I have done in applying mathematical methods to 
these geological problems has been my most useful labour. Never- 
theless I feel assured that my earlier work in the field has been of 
much service to me ; for no one can pretend to grapple usefully with 
the great problems of geology who has not personally studied the 
actual phenomena. It is in this respect that the greatest physicists 

the ^y fail to give us the decided assistance which they might do 
had they a more accurate knowledge of the questions to be solved. 

We pass on the torch from hand to hand. Some of the ideas 
which I have tried to work out were suggested by conversations 
with honoured friends long gone to their rest — Sedgwick, Hopkins, 
Mgller, Phillips, and others. May I hope that when some one now 
young, in this assembly, receives a similar recognition of a similar 
li|e^ work, he may th^ of me as an intermediate link connecting 
with those earlier workers ? — a link which, whatever may be its 
intriusio defects, and however inferior the metal, you have seen fit 
tb g^d with the Balance out of the munificent legacy of the great 
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In presonting the Bigsby Gold Medal to Prof. Chaeles Labwobih, 
LL.I)., P.G.8., the Pkesibent said : — 

Professor LapwobtjEj-t- 

The late Dr. Bigsby established a Modal to be awarded to one 
“not too old for further work, and not too young to have done 
much.” That you admirably comply with the latter qualification 
every geologist knows ; but that your age could possibly fall below 
the limit prescribed by the founder of this Medal, anyone not per- 
sonally acquainted with you might be pardoned for doubting. In 
studying the difficult, but, to geologists, very important group of the 
Graptolites, in utilizing your knowledge of those remarkable fossils 
for unravelling the stratigraphical problems presented by the con- 
torted beds of the Scottish Borderland, and in applying the valuable 
experience thus acquired to the far more difficult examples of involved 
stratigraphy found in the county of Sutherland, you have exhibited 
a happy blending of those powers of patient observation and of bold 
generalization which are equally necessary for the man of science. 
Those who know you best will feel the least doubt concerning those 
“ favours to come ” in the shape of further work, the “ lively sense ” 
of which constitutes the staple of our gratitude to you to-day. 

Prof. Lapwobth, in reply, said : — 

Mr. Peesibent, — 

I am deeply sensible of the distinction which the Council of the 
Geological Society have conferred upon me in awarding mo the Bigsby 
Medal ; and I am grateful, indeed, for the generous words in which 
you have referred to my geological work. If anything could add to 
the gratification with which 1 accept this award, it is that I receive 
it from the hands of one who, since the reading of my first paper 
before this Society, has been a staunch friend and a sympathetic 
adviser, I am afraid that the Members of this Society are a little 
inclined to rate my geological labours somewhat higher than they 
deserve, and I regard this Medal less as a reward for what I have 
done in the past than as a stimulus and encouragement for the 
future. The pursuit of original research has always appeared 
to me to be the highest and most pleasurable of enjoyments — ; 
and none the less pleasurable, as it has for years been associated in 
my mind with the unfailing interest, sympathy, and friendship 
accorded me by the Members of this Society, My leisure and means 
for work of this kind are, however, but small ; but I am confident 
that there is no need for me to assure the Society that such leisure 
and powers as I possess will in the future be given to the service 
of that science to which we are all devoted. 
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THE ANNIVEKSATtY ADDBESS OF THE PBESIDENT, 
Professor J. W. Judd, P.B,S. 


■Guntlemek, 

My next duty is the sad one of glancing over our muster-roll, 
and taking note of the gaps left in our ranks by those who, since 
our last Anniversary, have fallen before the hand of death. 

In the Bight Honourable Wiuliam Willoughby Cole, third Eael 
of Enniskillen, we have lost a link with the past. He was elected 
a Eellow of this Society so far back as the year 1828, and at the 
time of his death was with one exception our oldest Eellow — that 
exception being the truly Venerable Archdeacon Philpot, who was 
elected in 1821, and who still survives as the ‘ father of the Society.’ 
Lord Cole, as he was called before the death of his father in 1840, 
was born in 1807, and was educated at Harrow, and at Christchurch, 
Oxford. At the University he came under the influence and teach- 
ing of Buckland and Conybeare, and formed a friendship, which 
became a life-long one, with the late Sir Philip Egerton. The two 
friends determined to devote their attention to the collectioji and 
study of fossil fishes, and with this end in view they travelled to- 
gether to Solenhofen, Giningen, Monte Bolca, and other places, 
where the traces of ancient ichthyic life might be sought for. Among 
the stores of specimens thus patiently collected during many years, 
both at home and abroad, Agassiz found ready to his hand the 
materials for his famous monographs. The Cole and Egerton Col- 
lections, now appropriately united, occupy one of the galleries of 
our national Museum, forming the most suitable and enduring 
monument of the two friends, who were indeed “ lovely and pleasant 
in their lives.” 

Lord Enniskillen served upon the Council of this Society on many 
occasions between the years 1832 and 1867. Of a singularly modest 
disposition, he did not contribute largely to the literature of science, 
his only published memoir being a catalogue of the Agassiziau types, 
iie less than 164 in number, which existed in his collection ; this 
hiemoir concliides with a characteristic invitation to ichthyologists to 
^me to Florence Court to study his collections, 
f In ^pate of his sad infirmity, a constantly increasing weakness of 
be found pleasure to the last in the pursuit of his favourite 
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studies, passing away on the 2l8t November, 1886, in the 8Ist year 
of bis age. Until disabled by age and blindness, bis tall form and 
ebeerful voice were among tbe most familiar to those who frequented 
the Society’s apartments ; and amid tbe older Fellows of this 
Society, a large circle of friends look back with sadness when they 
remember th»p hearty joviality, the warm friendship, and the un- 
bounded hospitality which distinguished this “ fine old _ English 
gentleman.” 

Sir Chaklbs James Fox Uunburt, Bart., was the son of Sir Henry 
Bunbury (one of tbe earliest members of our Society, who contri- 
buted a paper to the ‘ Transactions ’ in 1822) by his first wife, who 
was a niece of Charles James Fox. Charles Bunbury, who was 
born at Messina in 1809, appears to have early imbibed a taste for 
botanical studies, and after leaving Trinity College, Cambridge, he 
at the end of 1837 accompanied his friend Sir George N’apier to the 
Cape of Good Hope, makiug during his year’s residence in that 
colony a number of excursions into the interior in search of rare 
plants. The results of these researches were published by Sir 
William Hooker, in the ‘ London Journal of Botany and in 1848 
there appeared the ‘Journal of a Besidence at the Cape of Good 
Hope’ by Mr. Bunbury, with an Appendix by his friend Sir John 
Herschel. After his return to England, Mr. Bunbury married, 
in 1844, Frances, the second daughter of Mr. Leonard Horner, and 
the sister of Lady Lyell. He still continued to devote* much time 
to botanical pursuits, and took up very eagerly the study of fossil 
plants. At one time he appears to have contemplated either the 
bringing out of a new edition of Lindley and Hutton’s well-known 
treatise, or the preparation of a fresh work on something like the 
«ame lines. Although this design was never carried out, a num- 
ber of valuable papers on fossil plants, contributed by Mr. Bunbury 
to our own and other Journals, serve to show what qualifications he 
possessed for such a task. As the dcscriber of x^ai^ts collected by 
Lyell during his two visits to the United States, and as the constant 
adviser of the author of ‘ The Principles of Geology ’ upon botanical 
'questions, Sir Charles Bunbury will perhaps be best remembered by 
geologists in the future. He accompanied Lyell to Madeira in 1853 
and studied the botany of the island while his friend was occupied 
with the geology. He at one time took an active part in tbe 
management of the afiairs of this Society, of which he was elected a 
Fellow in 1837 ; betw^n 1846 and 1862 he frequently occupied a 
,aeat at the Council table, and from 1847 to 1853 was our Foreign 
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Secretary. Sir Charles Bimbury will always be recognized as one of 
the ablest pioneers in the study of fossil plants. 

Mr. Geohqe Busk was bom in the year 1807. Destined by his 
lather, who resided in St. Petersburg, for the medical profession, he 
early showed signs of those scientific tastes by which his after 
life was distinguished. On the completion of his medical education 
he was appointed surgeon to the Seamen’s Hospital-ship ‘ Dread- 
nought/ and after 25 years of useful labour he retired from that 
post with the object of devoting himself entirely to scientific pursuits. 
One of the first-fruits of the leisure thus secured was seen in his 
‘ Catalogue of Polyzoa in the British Museum,’ which appeared in 
1862-54, and his splendid monograph on the fossil Polyzoa of the Crag, 
published by the PalsBontographical Society in 1859. This work had 
been originally undertaken by Jules Haime, and the materials for it 
were found in the rich collections of Searles Wood and Bowerbank. 
In this work Mr. Busk showed the value of an exact and extensive 
knowledge of recent forms to a palaeontologist in explaining the 
fossil representa+'-^es of any group, for on all questions connected with 
the anatomy anu physiology of the lowest division of the molluscan 
series Mr. Busk was recognized by biologists as the highest authority. 

In 1863, accompanied by several other English geologists, Mr. 
Busk attended the Conference called together to discuss the question 
of the age and authenticity of the human jaw found at Moulin 
Quignon, and in this way his attention appears to have been directed 
to a very important class of geological problems. In the following 
year he proceeded to Gibraltar with Dr. Ealconer, for the purpose 
of investigating the fauna preserved in the bone-caves of that 
place. 

From this time we find Mr. Busk devoting much of his time and 
attention to the study of the post-Tertiary Mammalia derived from 
bone-caves and similar situations. His papers on the relations of the 
extinct Bears to recent species are well known, and he also wrote 
papers on Meplias, Jffyema, and Mhinoceros. Ho gave his valuable 
assistance to Professor Prestwich in the study of the bones found in 
tire Brixham Cave, and to Colonel Lane Fox by describing the 
boireB found in the valley-deposits of Acton and Turnham Green. 

Bo^g the latter part of his life, Mr. Busk took much interest in 
etiinologieal questions, and was an active member of the Anthro- 
pdtt^al Institute. 

. lids is not the place for attempting to estimate the value of Mr. 
numerous oontributi<ms to Biological Science, or of his active* 
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and nsefdl career in connexion with the Ck)llege of burgeons and 
other Medical Institutions. The judgment of his contemporaries 
upon his work was manifested by his election in 1850 as a Fellow 
of the Eoyal Society, and by his receiving a Eoyal Medal from tiliat 
Society in 1871 ; he also served as a Member of the Council and 
Vice-President of the Eoyal Society, Of our own Society he was 
elected a Fellow in 1859, and be twice served upon the Council ; in 
1878 the Lyell Medal was awarded to him, and the year before his 
death Mr. Busk received the “ blue ribbon ” of our Society in the 
form of the Wollaston Medal. During the latter years of his life he 
filled the office of Inspector of Medical Schools and Physiological 
Laboratories, under the Cruelty to Animals Act. After a lingering 
illness he passed away on the 10th of August, 1886, in his 80th year. 

All who knew Mr. Busk will acknowledge the justice of the 
following estimate of his character by his life-long friend Dr. Allman : 
“ A single-minded, true-hearted man, a warm friend, and an able 
and accomplished naturalist.” 

In those of whom I have already sj^oken wo j 'e had to sigh 
over the passing away of men whose strength bad already been 
quenched in the labour and sorrow of fourscore years ; but in John 
Ajrthur Phillips we have lost one of our most active members, fallen 
untimely, — his work, as we fondly thought, stiU far fromfinished. 

Mr. Phillips was born, in November 1822, at Polgooth, near St. 
Austell, Cornwall, his family being connected with the important 
tin-mine at that place, and it was in Cornwall that the days of his 
early education were passed. When twenty years of age, the true 
bent of his mind was indicated by his preparing for the Annual 
Exhibition of the Cornwall Polytechnic Society a specimen of fine 
lace delicately covered with a deposit of copper, by , the then new 
process of electro-metallurgy, and for this he received the first 
prize. On this occasion young Phillips would seem to have made 
the acquaintance of Eobert Were Fox, and for a^time to have 
assisted him in making experiments upon the electrical condition 
of mineral veins. 

Feeling very strongly, however, the necessity of a thorough 
scientific training, Mr. Phillips determined to go to Paris and study 
at the Ecole des Mines, there being at that time no institution in 
this country where a similar course of instruction could be obtained. 
After passing through the curriculum of the celebrated Firenoh 
Bohool and receiving its diploma, Mr. Phillips obtained employment 
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a toe in one of the largest French collieries, where he gained 
^tisiderable experience in conducting mining operations. 

On his return to England, Mr. Phillips was appointed Chemist to 
an Admiralty Commission, then engaged in making inquiries con- 
cerning the coals best suited for use in marine boilers, this 
commission being under the direction of Sir Henry de la Beche and 
Dr. Lyon Playfair. The completion of this work set Mr. Phillips 
free to establish a private chemical laboratory, and to enter upon 
th© profession of a consulting engineer in connexion with mining 
and metallurgical operations. In this capacity he, during the next 
twenty years of his life, enjoyed abundant opportunities for travel 
and study — gathering vast stores of knowledge concerning the 
mode of occurrence of all kinds of mineral deposits in various parts 
of Horth America, Europe, and Northern Africa. The fruits of his 
wide experience on technological questions were given to the world 
in a number of x)apers published in the ‘ Chemical News,’ the ‘ Philoso- 
phical Magazine ’ and other journals, but more esxjccially in several 
well-known treatises. In 1852 he wrote, for the ‘ Encyclopiedia 
Metropolitana,’ a “Manual of Metallurgy,” which after passing 
through three editions, gave place to the more ‘extended ‘ Elements of 
Metallurgy,’ published in 1874, of which a second edition was being 
prepared with the cooperation of our Yice-Presidont, Mr. Bauermann, 
at the time of the author’s death. Mr. Phillips had at an early date 
also written instructions on Gold-mining, based on his extensive 
exx)erience in California and other countries, and in 1867 appeared 
his very valuable treatise ‘ The Mining and Metallurgy of Gold and 
Silver,’ Mr. Phillips’s most important scientific work, however 
was ‘ A Treatise on Ore Deposits,’ which was published as recently 
as 1884. In all of these works, and especially the last, geologists 
will find large stores of valuable information, arranged in a skilful 
manner ; and everywhere they must be struck with the rich fund 
of knowledge which was at the command of the accomplished and 
widely-travelled author. 

Mr. Phillips had already passed the period of middle life before 
he found an opportunity of devoting himself to those valuable 
petrpgraphical researches with which his name will be chiefly 
identifted by geologists in the future. But he came to this work 
wi® a mind stored with facts and observations gathered in his 
journeys, with the skill of a practical chemist and the 
of an excellent mineralogist; and all these were com- 
his fifty years, with an almost boj^ishenthnsiasm. 
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In 1872 he joined this Society, and at once perceiving the land of 
promise lying open to the student of the microscopical structure of 
rocks, he set to work to educate himself in making transparent 
rock-sections. I well remember his ardour in these early days of 
his work, and the glee with which he assured me that he had so far 
perfected his arrangements for rook-slicing and grinding that he 
was ready to supply me, if I needed them, with sections as large 
as slices of bread and butter ” ! 

The fruits of this devotion of his well-earned leisure to original 
research were soon seen in the valuable series of papers on the 
rocks of his native county, published by Mr. Phillips between 1875 
and 1878. Taking as the basis of his studies the field-observations 
of De la Beche, for whose work he always felt and expressed the 
greatest admiration, ho prepared a series of very remarkable 
monographs, dealing especially with the very heterogeneous group 
of rocks that had been called “Greenstones,’’ which he clearly 
showed to include materials of very different origin. 

Mr. Phillips was by no means the man to think that the 
microscope — valuable as he proved it to be in his studies — ought to 
supplant all other methods of research ; on the contrary, he seems 
to have been always on his guard against permitting a very useful 
servant, as the microscope undoubtedly is, to become a despotic 
master. Every one who reads his memoirs must be impressed alike 
by bis many-sidedness and his industry. In his papers on the 
Cornish rooks were included the results of over sixty complete 
chemical analyses, which he performed in his own laboratory ; be 
made many hundreds of slices of the rocks, cutting them in various 
directions as best suited his purpose, and he visited and revisited 
the localities till he had satisfied himself, beyond possibility of doubt, 
of the correctness of his field-observations. 

In one respect, perhaps, Mr. Phillips scarcely did himself full- 
justice. Among the laborious and conscientious details of his obser- 
vations many very valuable generalizations may b^ found buried 
which well deserved to bo brought out into greater prominence. 
His observations upon the paramorphic change of augite into horn- 
blende, and the various ways in which this change takes place, his 
recognition of the fact that massive augitio rocks are converted into 
hornblende-schists, his demonstration that many of the liquid- 
cavities found in quartz and other minerals are of secondary orifj^n, 
these were all announced and their suggestiveness fully appre- 
ciated by this careful and honest worker. His researches among 
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the Comisli rooks, though the principal, were by no means his only 
ones, A very thoughtful and suggestive essay on ^‘Tbe Physical 
History of Grits and Sandstones," and another on “ Enclosures in 
€hranite,” in which he admirably investigates the nature and origin 
of the different varieties of these well-known phenomena, must be 
still Vesh in the mind of every one present. 

Mr. Phillips was elected a Fellow of the Eoyal Society in 1881. 
He died suddenly, from an affection of the heart, on the 4th January, 
1887, and was buried at St. Mewan’s, Cornwall. 

His sturdy integrity of character, combined with great knowledge 
of the world, made Mr. Phillips an invaluable member of the 
Council of this Society ; and during the last two years he worthily 
filled the office of Yice-President. His generosity in communicating 
his results to follow-workers and in aiding them out of his vast 
stores of knowledge are familiar to all of us. Those who know the 
amount of time and labour involved in making accurate analyses of 
rocks and minerals can best appreciate the readiness with which he 
at aU times offered to undertake this task for his friends. Although 
I know that many around me must cherish similar recollections of 
the kindness of heart which distinguished our late colleague, I 
cannot forbear referring to my own personal experience of it. His 
early association with Sir Henry Do la Beche secured for the Royal 
School of Mines (the child of Do la Beche’s old ago) the warmest 
sympathy of Mr. Phillips ; he had felt the want of such a school in 
his own youth, and he gladly sent his only sou to be educated there. 
Both my predecessor, Professor Ramsay, and myself have had many 
proofs of this kindly interest; and any particularly instructive 
specimen or section was to the last brought and presented with the 
kindly intimation “ You will find it of some use in teaching your 
young men " ! It will be long, indeed, before we forget the tact 
and courtesy, the soundness of judgment, and the warmth of heart 
which ever distinguished our departed friend. 

• 

In Mr. Hbney Michael Jenkins we regret the loss of one to 
whose great literary abilities, business habits, and marvellous energy 
our Society has in the past been greatly indebted. Born near Dan- 
daff, on the 30th of June, 1841, Mr. Jenkins had the misfortune to 
Im.his father in infancy, and was compelled to enter very early 
t^pon the stem battle of life — and this in spite of an asthmatical 
ai^B^on which, early developing itself, compelled him, while still a 
a voyage to the West Coast of Africa. His great capa- 
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<dty for business bad already manifested itself wben> in 1861, be 
fortunately attracted tbe attention of Professor T. Eupert Jones, 
then our Assistant-Secretary and Editor ; and, upon his recommen- 
dation, young Jenkins was appointed, in tbe first place a temporary 
and afterwards a permanent assistant in tbe library and mnseum. 
So diligently did he devote himself to tbe study of various branches 
of science, by attending tbe classes at King’s College during bis 
leisure hours, and so rapidly did be acquire a knowledge of foreign 
languages and skill in literary work, that, when Professor Eupert 
Jones retired in 1862, Mr. Jenkins, though at that time only 21 
years of age, was appointed by tbe Council to tbe responsible post 
of Assistant- Secretary and Editor. Very admirably did be justify 
tbe confidence thus placed in him, and for six years he served tbe 
Society with conspicuous ability, not only editing tbe Journal, but, 
during a part of tbe time, managing with great skill tbe financial 
afiairs of tbe Society. 

It was during this time that Mr. Jenkins began to devote bis 
attention to the study of tbe Tertiary and Eecent MoUusca, and be 
contributed papers on this and other subjects to our Journal, to tbe 
‘ Quarterly Journal of Science,’ to tbe ‘ Geological Magazine,’ and to 
other periodicals, many of these papers being of the highest promise. 
With Professor P. M. Duncan, F.E.S., he was associated in tbe 
study of the remarkable fossil known as Palceocoryne, tbe description 
of which was published by tbe two authors in tbe ‘ Philosophical 
Transactions ’ for 1869. 

So greatly did tbe energy and ability of Mr. Jenkins impress all 
those with whom be came in contact, that at tbe end of 1868 be 
was selected for the important and responsible post of Secretary to 
tbe Eoyal Agricultural Society of England, and editor of that 
Society’s journal. Into tbe duties connected with this new sphere 
of labour, where bis great power of organization and literary facility 
found such ample scope, be threw himself with characteristic energy ; 
but to these new fields of labour we must not follow Mm. I cannot, 
however, forbear quoting tbe appreciative remarks of one of our own 
Fellows, Professor Fream, concerning tbe manner in which Mr. 
Jenkins made bis geological knowledge and experience of service to 
him in bis new career as an agriculturist 

‘^As might be expected, the fruits of bis early scientific expe- 
rience are discernible in many of bis papers. Particularly is this 
the case in bis dear and accurate descriptions of tbe geological 
features of die districts of die farms be reported upon in 1869, of 
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fee pri«e-fana district around Oxford in 1870, of the geology of 
Belgium, and of Sweden and ISTorway. In his report upon Denmark 
he pointed out how each of the geological formations in that country 
is characterized by a distinctive system of agriculture/^ 

Mr* Jenkins was elected a Fellow of this Society in 1868, and, in 
spite of ever multiplying and distracting occupations, he always 
took the warmest interest in our alFairs. To the trying disease 
against which he had struggled so manfully, he at last fell a victim, 
passing away last Christmas eve at the early ago of 45. Few men 
have accomplished so much work in so short a time and under such 
adverse conditions. At his open grave the prince who presided over 
the great Society which he served so faithfully, and the farmers and 
peasants whose interests he had spent so large a share of his life in 
promoting, were alike represented : but among those who mourned 
his loss there were none who felt it more keenly than his early 
friends and fellow-workers of the Geological Societ 5 \ 

Dr. Hakvet Buchanan Holl was horn at Worcester on the 28th 
of September, 1 820, and received his early education in that town 
and at Birmingham. When only 17 years of age he met Sir Henry 
De la Beche, whom he accompanied for six months while engaged 
in his important studies of the geology of Cornwall and Devon, De 
la Beche seems to have formed such a high opinion of the abilities 
of the young geologist that he recommended him to the notice of 
Professor llogers, and the result was that young Holl found employ- 
ment for three years on the Geological Survey of Pennsylvania, 
afterwards travelling for a year in the United States on his own 
account. From the pupil of such nfasters as De la Beche and 
llogers good services to geological science might be looked for ; nor 
was the expectation disappointed. After returning to England and 
taking his medical degree, Dr. Holl accompanied the British Army 
to the Crimea, remaining there till the end of the campaign. For 
some time after his return he practised his profession in London ; 
but in 1862*ho retired to Malvern, and in the same year became a 
Fellow of this Society. It was then that he found time for the 
carrying out of his valuable studies on the geology of the Malvern 
Hills. In opposition to Murchison’s views, he maintained the non- 
intrusive character and the Archman age of these rocks, constituting 
himself a pioneer in the study of those isolated portions of the pre- 
Cambrian floor of Britain which have been uncovered by denudation, 
and yfeioh, during recent years, have attracted so large a share of 
the attention of geologists. 
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Other important papers on stratigraphical geology which he contri- 
buted to our Journal were those on the correlation of the several sub- 
divisions of the Inferior Oolite in the Middle and South of England, 
and on the older rocks of South Devon and Cornwall. He also 
published a number of papers on fossil sponges and Entomostraca, 
the latter with the cooperation of Professor T. Rupert Jones, 

When ill-health prevented him from continuing his work among 
he Field-Clubs of the west of England; of which he had so long 
been a most active member, he retired to his native town, still with 
microscope and pencil carrying on his labours among the minute 
fossils which he had studied with such loving caro. 

Dr, Holl succumbed to the effects of heart-disease on September 
1 1th, 1886, and in him we have to mourn the loss of one who has 
greatly contributed to the advance of geological knowledge in a 
number of widely different fields. 

In Mr. Caleb Evans we have lost another of those hard-working 
amateurs to whose exertions the advance of geological science has 
been so largely due. He was born in July 1831, and educated at 
University College School. He lost his father while still young, and 
after being educated as a solicitor, received in the year 1852 an 
appointment in the Chancery Pay Office, which he retained till 1882, 
when compelled to retire through ill-health. Mr. Evans was a 
remarkable example of what can be accomplished by an ardent 
student of 'N'ature, even when his lot in life happens to be cast in 
the heart of this human wilderness of London. Having taken up 
the study of geology in 1855, he found among the excavations for 
the new sewers in this city, and in unfinished cuttings of railways 
leading from it, abundant opportunities for the collection and study 
of fossils, supplementing this work by researches carried on at the 
seaside during his vacations. In this way he accumulated a large 
and valuable collection, some important type specimens from which 
were bequeathed by him to this Society, He took a very active 
part in the work of that very useful body the Geologists’ Association, 
of which ho was one of the earliest members, and to its Proceedings 
nearly all his papers were communicated. His most notable con- 
tribution to geological literature was the well-known paper “On 
some sections of Chalk between Croydon and Oxtead, with Obser- 
vations on the Classification of the Chalk,” in which there was made 
the first attempt in this country to base a classification of the beds 
of the Chalk upon palffiontological data. This memoir, which 
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essayed to do for England what Prof. Hubert did for France, has 
formed the basis of much excellent work since accomplished by 
M. Barrois, Mr. Jukes-Browne, and other geologists. With this 
important question of the classification of the Cbalk strata Mr. Evanses 
name will ever be honourably associated, giving him as it does an 
undisputed claim to a niche in our Geological Temple of Fame. 
Happy to the end in the study of Nature, to which he devoted his 
last years of physical weakness and decline, he passed away in his 
home at Hampstead on the 16th September, 1886. 

From a remote Devonshire rectory we have received two papers, 
short but full of promise, from the pen of the Bev. William Downes. 
These papers showed that the Society had secured, by his election in 
1872, the aid of an able student of the very interesting Cretaceous 
rocks of the West of England, and one who had exceptional oppor- 
tunities for their detailed investigation. We have, alas! to record 
his death on the 12th October, 1880, at the age of 48. 

Professor Frederick Guthrie, F.li.B., the eminent physicist, who 
died on the 21st October, 1886, had been for some years a Fellow of 
this Society. Some of his researches upon physical questions, 
especially those bearing upon the continuity between the states of 
solution and fusion, have an important bearing on geological 
problems, and these their author clearly saw and forcibly pointed 
out. Born in London in 1833, Dr. Guthrie was educated at Uni- 
versity College School and University College, receiving a further 
chemical training in the Universities of Marburg and Heidelberg. 
Acting first as demonstrator to Dr. Frankland at Manchester, and then 
to Sir Lyon Playfair at Edinburgh, he became Professor of Physics 
at Mauritius ; afterwards, succeeding Dr. Tyndall, he obtained the 
appointment which he so worthily filled at the time of his death, 
that of Professor of Physics in the Normal School of Science and 
Royal School of Miiw, His death at the early age of 52, which 
resulted from a morbid growth in the throat, has deprived science of 
an enthusiastic and ingenious student, and his colleagues of a much- 
loved friend and coadjutor. One of these, who knew him well, has 
aptly compared his whimsical admixture of simplicity and wisdom, 
of kindliness with pungent but never caustic humour, to the 
immortal character of Uncle Toby. 

In Mr, Arthur Grots we have lost one of those valuable members 
who, after long service in our Indian Empire, return with wide 
knowledge and ripe experience, ready to be placed at the service of 
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the scientific societies of their native land. Mr. Grote, who was a 
younger brother of the historian, was bom on the 29th November, 
1814, at Beckenham in Kent ; from 1833 to 1868 he was a member 
of the Indian Civil Service, at the end of his career occupying one 
of the highest administrative posts in the Bengal Presidency. He 
joined this Society in 1846, and after his retirement from official 
life found satisfaction for his scientific tastes and S3’'mpathies in 
attending the meetings and assisting in the administration of the 
affairs of the Koyal Asiatic, the Zoological, and the linnean Societies, 
as well as of our own. A man of charming manner and most amiable 
oharacter, his presence will be missed by a large circle of scientific 
friends. 

From our Foreign list we have been compelled to erase the 
honoured names of Ahich, Guiscardi, and Cornet. 

Dr. Hermanist Arich was born in Berlin, 11th December, 1806. 
He first became known to the scientific world by his careful chemical 
analyses of the spinels and other minerals ; but he afterwards 
devoted his attention to the study of volcanic phenomena, and in 
this connexion his investigations on the chemical composition of the 
gases of fumaroles and of the deposits which are found on the sides 
of volcanic vents are of especial value. Ho was a warm advocate 
of Von Buell’s theory^ of “ Erhebungseratere,” and though few 
geologists at the present time will be found ready to accept his 
arguments on this subject, every one must admire the careful 
observations on the structure of volcanoes which he brought together 
in several well-known works. In 1837 appeared his ‘ Vues 
lUustratives de Phenom^nes Geologiques observes sur le Vesuve ct 
PEtna pendant les Annees 1833 et 1834,’ and in 1841 his ‘ Geolo- 
gische Beobachtungen fiber die Natur und den Zusammenhang der 
vulkaniachen Bildungen.’ Having been appointed Professor of 
Mineralog}’^ at Dorpat, Abieb’s attention was directed to the study 
of the geology and mineralog}^ of different parts of the vast Russian 
Empire. He subsequently removed to Tiflis, and from that time his 
studies were chiefly devoted to the elucidation of the geological 
structure of the Caucasus and surrounding districts. So long ago 
as 1857 he was elected a Foreign Member of this Society. The last 
few years of his life were spent at Vienna, where he was engaged 
in embodying the results of his numerous researches in a great 
monograph entitled ‘ Geologische Forschungen in den kaukasischen 
Landern,’ of which one part only has as yet appeared. He passed 
RWay on July 1st, 1886, in his 80tb year. 
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GtroiaEiJco Gttiscaebi, who was bom in N'aples in March 1821^ 
edncatod for the profession of an architect. When he was 24 
^sears of age, however, the meeting of a Scientific Congress at 
< Staples, which he attended in order to learn something about 
' ^#lding-^matei^ seems to have directed his attention to the- 
/^tarest attaching to geological studies. Entering the class of the 

Scaochi in the University of Naples, 
^taascardi k)on became the most distinguished of his pupils. The 
f^ointi^ of 1848 found the young geologist in the ranks of the 
army which endeavoured to overthrow the Bourbon dynasty in 
Staples ; but on the failure of that attempt, he retired to a private 
life of intense study for the next twelve years. The victory of the 
national cause, to which he was so greatly attacl^ed, came at last, 
however, and he was then in 1860 appointed Professor of Geology 
in the University of Naples, a post which he retained till the time 
of his death. Professor Guiscardi was a man of very wide culture 
and extensive knowledge, as was shown by his palaeontological 
papers on the genera Nerita and At aria ^ on the family of the 
Eudistes, and those on the fossils found in blocks ejected from 
Vesuvius, by his potrographical papers on the rocks of Vesuvius and 
the Phlograean fields, and by his chemical researches on the gases 
escaping from volcanic vents. He was elected a Foreign Corre- 
spondent of this Society in 1879. Many of our members can bear 
testimony to the cordiality with which foreign students of his science 
were always welcomed at Naples by our esteemed Correspondent, 
who ever showed himself ready to assist them in their researches ; 
I can myself never forget the kindncos which I received from one 
with whom T contracted a warm friendship. For some years past an 
affection of the eyes had caused him much suffering and anxiety, and 
he died at Naples on the 11th December, 1885, at the age of 64. 

LeopoIiI) Cornet was born at Givry in Belgium on the 
21 st February, 1834. At the age of 16 he entered as a student the 

Ecole des Mines ” of Hainault, and, obtaining his diploma in 1853, 
became a mining engineer. For some years he was engaged in the 
direction of the operations of several coal-mines, and in this capacity 
he introduced two notable improvements into the working of the 
Belgian collieries, namely the employment of compressed air as a 
motive power, and the use of the endless chain for transport 
purposes* Forming the ac(][uaintance of another mining engineer, 
M. A. Briart, now an esteemed Foreign Correspondent of this Sodety,. 
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M. Cornet entered with him into a scientific partnership, and from 
this time forth all the valuable geological researches which they 
carried on were published under their joint names. In 1865 they 
announced the discovery of an older series of Eocene strata than 
had hitherto been recognized, and in subsequent papers the strati- 
graphy and paleeontology of these most ancient m^bers of the 
Tertiary series and of the underlying Cretaceous rocks were oarefidly 
elaborated* These papers were, however, interspersed with others 
bearing upon anthropological questions and on the Carbonif^ous 
strata of Belgium* During the later years of his life M. Comet was 
engaged in developing the remarkable industry which had arisen in 
Mons through the working of the phosphate beds of the Chalk* In 
1883 he was elected one of our Foreign Correspondents, and only 
last year he contributed to our Journal a very valuable paper 
describing the Cretaceous strata of Mons which contain the remark- 
able deposits of phosphate of lime. Little did we think at the time 
that this was the last communication which would come from his 
hands, but in January last we received the sad news of his death at 
the age of 53. 

The Eeport of the Council indicates a very flourishing condition 
of our affairs — ^both in respect to the number of our Fellows and the 
state of our finances ; but I need scarcely remind you that, 
gratifying as these circumstances are, the true index of the well- 
being of our Society is to be found in the amount and importance 
of the original work done by its members, as shown by the contents 
of our annual volume. During the past year the number of papers 
submitted to the Society has been at least as large as in any 
previous year, and I am pel’suaded that when tried by the test of 
time there will be found to be no falling off in their scientific value. 

In a year when so much attention has been directed to our 
Colonial and Indian possessions, and when we have had the pleasure 
of greeting in this room some of our most active members, who are 
citizens of the Greater Britain beyond the seas, it is not surprising that 
communications bearing on the geology of these British “ outliers 
have been as numerous and valuable as they were welcome. 

The Societies which occupy common ground with ourselves — our 
valued auxiliaries the Palaeontographical Society, the Mineralogical 
Society, and the Geologists’ Association — have well kept pace in 
the ever-forward movements of the past year ; the numerous 
provincial Geological Societies and Field-clubs have all aided in 
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«far«?ag(ihof the Adtaaoe; wMletiia ^ Geological Magazine/ 
at shorter intervalfl than onr own Journal, has eatisfied 
I M Ihe teqnir^ents of the light gkirmishers of our army. 

The two great state-supported institutions to which Geologists 
t always look for aid in their work have not been wanting in effort 
eince onr last Anniversary. 

The Geological Survey has already completed the one-inch map of 
England, that of Ireland will be finished during the next year, 
while their last great remaining task — the important one of mapping 
the Scottish Highlands — is being vigorously attacked both from 
the north and the south. Yaluable work of revision in the country 
already surveyed is also being pressed forward, the most notable 
achievement in this way during the past year being the complete 
confirmation by Mr. Clement Eeid of Professor Prestwich’s important 
discovery, which was made in 1857, of the existence of Pliocene 
outliers on the North Downs. 

Nor has the Natural History department of the British Museum 
been behind its sister institution in the work it ha^ accomplished. 
The rearrangement of the palaeontological and mineral collections, 
under more favourable conditions of space and light, has gone on 
steadily ; valuable monographs like those of Dr. Hinde on the fossil 
sponges, and of Mr. R. Etheridge, jun,, and Mr. P. H. Carpenter on 
the Blastoidea have been issued; and catalogues like those of 
Professor Rupert Jones on the Eoraminifera, of Mr. Lydekker on the 
Fossil Mammalia, and of Mr. Kidston on the Palaeozoic plants have 
been published. Among the good work done by some of our members 
who direct the affairs of the Museum, we must not overlook the 
admirable and successful efforts which are being made to increase 
the value of the collections for educational purposes. The specially 
arranged collections for the guidance of students and beginners, 
and the cheap and accurate guide-books now issued, afford sufficient 
evidence that the Director and Keepers of the Museum are alive to a 
very urgent national want. From among those whose interest has 
been excited and whose earliest cravings for information have been 
supplied by such means as these, our own and other societies must 
look for future recruits. It may not therefore be uninteresting to 
mention that of the cheap illustrated guide to the Palseontological 
Galleries, prepared by Dr. Woodward in 1880, four editions have 
already appeared and over 12000 copies have been sold ; while of 
Mr, Fletcher’s Guide to the Mineralogical Gallery^ with its charming 
introduction to the study of Mineralogy, no less than 4000 copies 
have been disposed of within a very short period* 
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geological questions occupied a full share of the attention of its 
members. In addition to the comprehensive addr^s of the Presi- 
dent, Sir William Dawson, which dealt with very complex geological 
problems, and the lucid discourse of my predecessor in this Chair, 
who supplemented the reviews which he has given in this room of 
the results of the application of microscopic methods to the study of 
igneous and metamorphio rocks respectively by an equally striking 
and suggestive treatment of the aqueous rocks from the same point 
of view, Geologists have to thank the distinguished mathematician, 
Professor G. H. Darwin, for the comfort afforded to them in his 
very modest and thoughtful address. Should certain more recent 
utterances from the mathematical fold have produced a moment’s 
disquiet in any faint-hearted Pellow of this Society, I can confidently 
recommend to him the perusal of Professor Darwin’s cautious and 
reassuring essay. 

The commencement of several important undertakings have marked 
the present year in the annals of geological science. 

Those who desire to perpetuate the memory of the late John 
Morris could not possibly have chosen a better method for doing so 
than that of promoting the publication of a new edition of his in- 
valuable ‘ Catalogue of British Possils.’ In the third of a century 
which has elapsed since the second edition appeared, the progress of 
palaeontological research has been so rapid that no single individual 
— even if gifted with the encyclopaedic mind of Morris himself — could 
possibly expect to cope with it. A number of able workers have, 
however, rendered themselves responsible for the cataloguing of the 
several groups which they have especially studied, while Dr. Henry 
Woodward has undertaken to act as Editor. Professor Morris’s 
nearest surviving relative having engaged to supply the necessary 
funds, and the Syndics of the Cambridge University Press having 
arranged to print it, we may hope at no distant date to see this 
important work issued. ; 

Mr. Teall, in his ‘ British Petrography,’ has entered upon a task, 
the accomplishment of which was much needed, and which is well 
worthy of the sympathy and support of all geologists. He proposes 
to prepare descriptions, to be illustrated by carefully executed 
coloured plates, of the chief types of our British rocks. How com- 
petent Mr. Teall is for the execution of such an undertaking, he has 
given ample proof in several papers laid before this Society. In these 
days of rapidly increasing petrographical literature, every one must 



'fyfSk ladeWed to the author for the careful luanuer ia which h^ 
{Miows op the comparisou of our British types with those describe 
hjr foreign petrogr&pherB. 

Mr, Mellerd Beade, who is so well known to geologists by his 
^ougbtfuJ, and suggestive addresses to the Geological Society of 
^verpool, has found an admirable subject, which he has treated 
wjffi great skill and no little originality, in his ‘ Origin of Mountain 


, the manner in which the advancement of geological science is 
leiog promoted by the various societies in other countries, and the 


rutrays undertaken by foreign States, I can do no more than barely 
iJlude. Everywhere we have to note the same steady and sustained 
efforts, before which the clouds that have enveloped the story of 
former times are being gradually rolled back, and the light of 
knowledge is illuminating the obscurest problems connected with 
the past history of our globe. 


In the advance of an army through an unknown and difficult 
country there must always be some risk of the communications 
between its several divisions breaking down, and of their power for 
effective cooperation becoming impaired ; more especially docs this 
danger arise when the army is large in its numbers, comjjlicatcd in 
its organization, or swift and sudden in its movements. 

Now that vast host of geological investigators which is ever 
pressing forward to conquer new realms of knowledge is distin- 
guished among all the armies of science by the rapidity of its evolu- 
tions ; the history of Geology is the chronicle of a brilliant succession 
of forced marches. It may therefore be prudent if, from time to 
time, we pause to look around us and to inquire if there bo any 
chance of the centre of our army, while engaged in steadily grappling 
with the vast physical problems which confront it, losing touch 
with either of its wings — that which is composed of the cultivators 
of the mineralogical sciences on the one hand, or that which is 
formed by the students of the biological sciences on the other. 

From that position of elevation and of observation in which I 
find myself placed by your indulgent suffrages, it has occurred to me 
that I may possibly render a service by reporting to you the main 
features of the held of conhict, so far aa it is given to me to discern 
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^ " 111 atteaif ti^g such a sumy, 1 of com»© do not fotget a jtw^ 
idea of BO vast a: field can scarool^ oMMaed ftom any 
standpoint; but I am satisfied that no bettet vantage-ground could 
possibly be found for the purpose than that afforded by this Chair. 
Without for one moment forgetting the workers belonging to other 
countries or connected with kindred associations, I may claim for 
this Society that it has ever taken a foremost place in promoting the 
progress of geological science ; that the initiative in many of its most 
remarkable advances has boon due to our Fellows ; and that all the 
leading episodes of its short but brilliant history will be found 
faithfully reflected in our publications. 

It is my purpose to-day to invite your attention to the past and 
present relations between Geology and the Mineralogical Sciences. 

The geologists of this Society stand in no need of the reminder 
that their father was a mineralogist.’’ That little band of enthu- 
siasts who, just eighty years ago, constituted themselves the nucleus of 
the Geological Society of London were before all things mineralogists; 
and the initial object of the formation of the Society was a purely 
mineralogical one, that of securing the publication of Count Bournon’s 
laborious treatise on the varied forms assumed by the crystals of 
calcspar. Little could its original members have anticipated many 
of the directions in which the work of the Society was destined to 
develop itself. 

An examination of the first series of our ‘ Transactions,’ published 
between the years 1811 and 1821, will show that all the really 
valuable and enduring work of the Society, during this first epoch 
of its history, was either mineralogical or petrographical. Looking 
back on that work, we may indeed feel proud of the achievements 
of these founders of our Society. We find Wollaston engaged in 
devising his beautiful contrivance for measuring the angles of crystals, 
nnd William Phillips illustrating tho value of the reflecting goni- 
ometer by accumulating a great mass of accurate determinations ; 
we see Whewell, and afterwards Miller, labouring, to place on a 
•secure basis the mathematical methods best adapted for the discus- 
sion of these measurements; while Brewster and Herschel are 
steadily feeling their Way towards the pregnant generalization that 
the geometrical forms of crystals are but the outward and visible 
signs of an inward molecular structure, which becomes clearly mani- 
fested by its action upon polarized light; at the same time 
Macculloch, bringing to b^rv ^ his studies in the field a vast 
amount of accurate chotiftickl a^^^ineralogical knowledge, is found 
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engaged in laying the foundation in this country of the study of 
rocks. 

If now we turn to the second series of our ‘ Transactions ’ and 
the earlier volumes of our ^ Journal,’ published between the years 
1824 and 1858, we shall perceive a startling falling-off in the con- 
tributions to mineralogical science, too sure a sign of that neglect 
and almost contempt with which Mineralogy had come to be 
regarded by the geologists of that x^eriod. 

This unfortunate result was doubtless to some extent due to the 
powerful counter-attraction exercised by Stratigraphical Geology, 
W'hich had received such a remarkable impetus from the labours of 
William Smith, and of Paleontology, which was daily being enriched 
by the discoveries of Cuvier, Conybeare, Buckland, !Mantell, and 
Owen. But it must, at the same time, be confessed that many 
mineralogists had at that i)eriod x)erraitted themselves to he betrayed 
into a j)osition of more or less pronounced antagonism to all the later 
developments of (Geology, and their science in turn had come to bo 
regarded by geologists with feelings of suspicion aud distrust. 

Perhaps I cannot better illustrate the relations which had grown 
up between the geologists and mineralogists of that day than by 
referring to an incident which was related to mo by Charles Darwin, 
shortly before his death, as having exercised an important influence 
on his own career as a geologist. While Darwin was a student at 
Edinburgh, it was the custom of Jameson, who was justly regarded 
at that time as the apostle of exact mineralogical knowledge in this 
country, to take his class to Salisbury Crags and there to inveigh 
in no measured terms against the infatuation of geologists in main- 
taining the igneous origin of those masses of basalt. Under such 
circumstances as these it is not suj'prising to find that geologists, 
judging the tree by its fruits, were led to conclude that from 
Mineralogy there was little to he hoped for in the way of assistance 
to their own science, and nothing at all to be feared in the way of 
criticism. 

Although this state of estrangement between Geology and Mine- 
ralogy has now hapinl)^ passed away, since the causes which brought 
it about have disai^peared, it may still he doubted whether all the 
cultivators of these two sciences fully realize their mutual depend- 
ence, or clearly recognize their capabilities for mutual assistance. 
It may not he unprofitable, therefore, to inquire how perfect 
cooperation between mineralogists and geologists may best he 
promoted, and to reconnoitre tJ^se promising fields of research 
through which their joint advance must be made. 
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The realm of Nature has been recognized from time immemorial 
as consisting of three kingdoms ; dealing with the affairs of these 
three kingdoms, respectixely, there have grown up side by side three 
departments of natural knowledge — Zoology, Botany, and Mine- 
ralogy. But in recent years new and, I cannot help thinking, 
regrettable relations have sprung uj) between these sister sciences. 
Zoology and Botany, having developed a method, a classification, 
and a nomenclature, based on common princiides, haye been drawn 
together by bonds so close and fiiiri that many regard them as in- 
dissolubly one — the science of Biology. Mineralogy, thus isolated, 
has been driven to seek new and unnatural alliances, — with 
Chemistry, with Physics, or with the Mathematical Sciences. For 
my own part I confess that I regard this threatened “ liepeal of the 
Union of the natural sciences as alike a misfortune and a mistake. 

It is sometimes assumed that the objects dealt with by Zoology 
and Botany are so different in their essential characters from those 
treated of by Mineralogy, that the science of “ Organic ” nature must 
always follow a different path from that pursued by the science of 
“ Inorganic ” nature. The structures commonly known as organic, 
and the processes usually called vital, are asserted to be so entirely 
different, alike in their origin and in their essence, from anything 
existing in the Mineral kingdom, as to warrant the establishment 
and perpetuation of a fundamental distinction between the sciences 
dealing with “living” and “non-living” matter respectively. 

In the year 1854 a very acute thinker, who at one time occupied 
this Chair, made a serious attempt to formulate the distinctions 
which are supposed to divide living from non-living matter ; but 
at a subsequent date, admitting with characteristic candour that he 
had altogether outgrown these ideas. Professor Huxley argued, wuth 
great skill and cogency, that “ vitality ” is merely a general term 
for a set of purely physical processes, differing only in their com- 
plexity from those to which “ inorganic ” matter is subject. 

It is a circumstance of no small significance that no definition of 
life which has yet been proposed will exclude the kind of processes 
which we can now show to be continually going on in mineral 
bodies. “ Life,” said the late George Henry Lewes, “ is a series of 
definite and successive changes, both of structure and composition, 
which take place in an individual without changing its identity.” 
Mr. Herbert Spencer prefers to define life as “ the definite combi- 
nation of heterogeneous changes, both simultaneous and successive, 
in correspondence with external co-existences and sequences.” 
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If either or both of these dehnitions of life be accepted as satis- 
fectory, then, as I hope to demonstrate to you, the minerals which 
build up the crust of our globe unquestionably/^ live.” At all events 
I am confident of being able to show that “ in correspondence with 
external co-existences and sequences,” or, in other words, as the con- 
ditions to which they are subjected vary, they undergo “ a series of 
definite and successive changes, both in structure and composition, 
without losing their identity.” 

It may seem paradoxical, but it is nevertheless true, that the 

vitality ” of minerals — I really do not know what other term to 
use to convey my meaning — is much greater than that of plants, 
and, a fortiori^ than that of animals ; and this is the direct and 
necessary consequence of their less complex and more stable chemical 
constitution. 

Ihe Zoologist regards as a case of remarkable vitality the recovery 
of snails which had been long affixed to a museum- tablet, upon 
their immersion in warm water. The Botanist cites the germination 
of seeds taken from ancient Egyptian tombs as a striking illustra- 
tion of how long life may remain dormant in the vegetable world. 
Let us now turn to the Mineral kingdom. A quartz-crystal develops 
to certain dimensions, iii accordance with the natural laws of its 
being, and when the necessary conditions of growth cease to environ 
it, its increase is arrested. But the crystal still retains its “ vitality,” 
that is the power of further development which is dependent on its 
particular organization ” or molecular structure. We may de- 
eiroy that “ organization ” and the “ vitality ” which is dependent 
upon it in a single instant, by subjecting the crystal to the action 
of hydrofluoric acid or of an oxyhydrogen flame. But unless its 
“ organization ” and “ vitality ” he thus brutally stamped out, the 
crystal and, indeed, every fragment of it retains, not the “promise” 
only, but the very ])otcncy of life.” It may be worn by wind and 
wave into rounded and polished sand-grain ; it may bo washed 
from the beds of one formation, to form part of the materials of a 
new one, and this process may be repeated again and again ; but 
after countless wanderings and unnumbered “accidents by flood 
and field,” extending over millions on millions of years, let but the 
necessary conditions of growth again environ it, and the battered 
and worn fragment will redevelop, in aU their exquisite symmetry, 
its polished facets, it will assume once more the form of a quartz- 
crystal, having at least as much claim to identity with the original 
one, as a man has with the baby from which he has grown. 
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Life I ^ Vitality ! ” These terms are but convenient cloaks of 
our ignorance of the somewhat complicated series of purely physical 
processes going on within plants and animals. “ Organization I " 
Why should the term be applied to the molecular structure of an 
Amoeba or a yeast-coll, and refused to that of a crystal? And 
even if we choose to maintain such distinctions as these, must we 
also insist that they constitute a basis sufficiently broad upon which 
to establish our classification of the sciences ? 

Unquestionably there are differences between the changes which 
take place in these wonderful cycles in animals, plants, and minerals 
respectively. As animals differ from plants in not being able to 
build up their tissues from the simple compounds of the mineral 
kingdom, so animals and plants alike differ from minerals in their 
power of growth by intussusception. 

But perhaps the most striking difference of all between the 
“vital” processes in animals, plants, and minerals is found in the 
rate at which they take place. Animals, in consequence of the in- 
stability of their chemical constitution, are distinguished by an 
almost ceaseless activity and a consequent brevity of existence. 
Plants, in the slower rate at which their vital processes take place, 
bridge over to some extent the tremendous gap between animals 
and minerals. In these last the vital processes are so prolonged 
in their manifestations, owing to the stability of their chemical com- 
position, and they are not unfrequently interrupted by* such enormous 
intervals of time, that they can only be recognized by the geologist. 

The changes which take place in an ephemera are rapid indeed 
as compared with those going on in the oak-tree among the branches 
of which it may spend its brief existence ; but in the rocks among 
which the oak thrusts its rootlets, other processes are going on com- 
pared with which the life of the oak-tree is as “fast” as that of 
the ephemera compared with its own. 

I^evertheless the three forms of “ life ” seem to start pretty much 
on a level. A solution of nitre in which crystallites are uniting, in 
obedience to the laws of “ polarity,” to build up crystals with their 
regular forms, their molecular structure, and their powers of further 
development ; a solution of sugar in which the cell of a yeast-plant 
is living and growing ; and a third liquid with suspended vegetable 
particles in which an Amoeba is increasing and multiplying, — these 
three may surely be compared with one another, however unlike 
may appear to be the higher developments in the three kingdoms 
to which they respectively belong. 
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I do not, of course, for one moment wish to suggest that it ia 
practicable, or even desirable, to attempt an extension of the con- 
ventional use of the terms “ life ” and “ organization,” But I do 
think that it is of the first importance that we should clearly 
recognize the fact that the distinctions between living and non- 
living matter are not essential and fundamental ones, that cycles of 
change exactly similar in almost every respect to those occurring 
in the animal and vegetable kingdoms arc equally characteristic of 
the mineral kingdom — though in the latter they are more difficult 
to follow on account of the extreme slowness with which they take 
place. 

When this great truth is fully recognized, the separation of ike 
Biological and the Mineralogical Sciences will bo at an end, and 
Mineralogy will begin to profit by that revolution in thought and in 
method which has already done so much for her sister sciences. 

The temporary divorce between Biology and Mineralogy has 
arisen, not from any inherent difierciices between their aims, their 
methods, or the objects of which they treat, but from the circumstance 
that while the former lias in the last half-century advanced with 
the stride of a giant, the latter has curing the same i>eriod tot- 
tered on w ith the feehle ste]>8 'jf infancy. Mineralogy is still in the 
“ pupa stsgv. of its dev(‘lopinent ; it; is a classificatory science, with 
its methods imperfect, its taxonomy Ujichweloped, and its very 
notation undefined. Its cultivators, absorbed in the Sisypheau task 
of establishing new species and varieties, too often treat their science, 
with all its glorious possibilities, as though it wxtg but akin to postage- 
stamp lore ! 

How is it, we may profitably f?sk, that the Biological sciences 
have made such prodigious advances, while the Mineralogical ones 
have lagged so far behind ? We must ascribe the result, I believe, 
to two causes : — 

In the first place, improvements in the construction of the micro- 
scope, and more especially the perfecting of methods of study by 
means of thin sections, have immeasurably enlarged the biologist’s 
field of observation ; Histology and the cell-theory. Embryology with 
all its suggestiveness, and many important branches of Physiological 
research, must have languisned, if, indeed, they ever saw the light, 
but for the aid afforded by the microscopical methods of inquiry. 

In the second place, the growth of Geological and PalaBontological 
knowledge has been the leading factor in that profound revolution 
in Biological ideas which, sweeping before it the superstition of fixity 
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of species, has endowed this branch of natural science with the 
transforming conception of Evolution. 

Now these two causes which have done so much for Biology are 
already working out the regeneration of Mineralogy ; and I doubt 
not that in due time the fruits brought forth by the latter science 
will be equally satisfactory with those of the former. 

The application of the microscope to the study of minerals has 
proved less easy than in the case of animal and vegetable structures. 
More than a century ago, it is true, several Erench geologists 
employed the method of crushing a rock, and of picking out from its 
powder the several minerals of which it was composed, for micro- 
scopic study; and in 1810, Cordicr endeavoured, by systematizing 
the methods folk wed by his predecessors, Daubenton, Dolomieu, 
Fleurian, and others, to elaborate a scheme for the mineralogical 
analysis of rocks by the aid of the microscope. In recent years the 
French geologists, with MM. Fouque and Michel Levy at their 
head, have shown how, by the employment of the electro-magnet, of 
fluids of high density, and of various chemical reagents, this work 
of isolating the several minerals of a rock for microscopic study or 
chemical analysis may be greatly facilitated. 

But the great drawback to this method of microsco])ic study of 
rocks, as devised in France, was found in the circumstance that it 
began by destroying the rock as a whole, and hopelessly obliterating 
the relations of its luiiicralogical constituents. Delessc and other 
observers, it is true, succeeded in obviating this difficulty, to some 
extent, by studying the structure of rocks as seen in polished surfaces 
under the microscope by reflected light. 

The greatest step in advance in connexion with the microscopic 
study of rocks was undoubtedly made, however, when it was shown 
that transparent sections of minerals, rocks, and fossils can be 
prepared, comparable to those so constantly employed by biologists 
in tboir researches. William Nicol, of Edinburgh, was the first to 
discover, in the year 1827, how the mechanical difli.culties in the 
way of the preparation of such sections could bo surmounted ; while 
Mr. Sorby, in a memorable communication to this Society, in 1858, 
showed us the first-fruits of tho wonderful harvest of results to be 
obtained by the employment of this method. 

But if the birthplace of the one method of microscopic study of 
rocks was France, and of the other Britain, it must he confessed 
that a large part of the merit of developing and improving these 
methods of inquiry is due to the Germans. To the labours of the 
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nuinerotis, patient, end aocnrate students in that country must he 
ascribed much of the perfection to which the methods of microscopic 
mineralogy have now attained; though we must not forget in this 
connexion many most valuable contributions to the study from 
Scandinavia, Holland, Italy, and the United States. 

As in the case of Biology, the results attained by the geologist 
have been the means of awakening new interests and inspiring a 
new philosophy, so in the case of Mineralogy, other problems have 
been suggested and entirely fresh conceptions of the scope of 
the science have followed from the development of geological 
thought. We are thus led to regard minerals, not simply as a set 
of curious illustrations of mathematical and chemical laws, but as 
important factors in the evolution of the globe. Mineral collections 
in the past have resembled greenhouses, wherein only beautiful, 
though often abnormal, growths are admitted ; but in the future 
they will be like the herbaria of the botanists, where mere beauties 
of form and colouring are subordinated to the illustration of natural 
relationships and to the elucidation of the great problems of origin 
and development. Far be it from me to undervaluo those wonder- 
ful crj’^stals, the choice flowers of the mineral kingdom, which adorn 
our museums ; but as there are many plants of extreme scientific 
interest which hai.)pen to possess only inconspicuous flowers, so 
there are not a few microscopic minerals, the study of which may 
lead us to the recognition of some of the most im]>ortant laws of the 
mineral world. 

I believe that what Geology has already done for Biology she 
is now accomplishing for Mineralogy ; it may, indeed, be instruc- 
tive to point out how, in every one of its departments, the 
employment of microscopic methods and tbo suggestion of new lines 
of thought are causing Mineralogy to develop in just the same direc- 
tions that Biology has already taken before her. In this way we 
jnay perhaps best convince ourselves that Mineralogy is once more 
asserting her true position in the family of the natural sciences. 

Every IS'atu'ral-IIistory science presents us with four dist inct classes 
of problems. With respect to the objects of our study, we may 
make inquiries concerning their forms, their actions, their relations, 
and their origin. The answers to the first class of questions con- 
stitute Morphology 9 to the second Physiology , to the third Chorology 
or Distribution, and to the fourth JStiology, The great problems of 
the mineral world, as I shall proceed to show, fall under precisely 
the same categories ; and we may perhaps gather some useful hints 



by a comparison between the immature results of tbe Mineralogist 
in each of these departments and those more perfect ones which 
have been attained by the Botanist and Zoologist. 

The Morphology of minerals was for a long time studied to the 
exclusion of all other branches of the science; for the problems 
connected with form and structure were those which naturally first 
attracted the students of the “ inorganic ’’ world. 

Pew generalizations of science are so beautiful, and at the same 
time so suggestive, as those which have been arrived at by a discus- 
sion of the accurate measurements of crystal-angles. The constancy, 
within certain narrow limits, of corresponding angles, amid the 
almost infinite diversity of form assumed by crystals of the same 
mineral, is not less striking than the simplicit}- of the mathematical 
laws by which all these varied forms can he shown to be related to 
one another. 

The actual forms assumed by crystals are often seen to be the 
result of a struggle between opposing tendencies in the molecules to 
build up diverse forms. In the growth of a quartz-crystal, for 
example, the tendency towards the termination of the crystal, by 
the formation of two rbombohedra, is being continnally overcome 
by the opposing tendency towards growth in the direction of the 
prism-faces ; nevertheless the iharks of this struggle are manifested 
in the well-known stria) on the prism-faces, each of which indicates 
the temporary ascendancy of the rhombohrdral over the prismatic 
. bias. The tendencies towards the formation of the two rhombo- 
hedra are in turn seldom equal or al)le 0(|ualJy to assert themselves, 
and from this cause their unequal development results. In addition 
to these tendencies, others towards the formation of tetartohedral 
or other faces may come into i)lay, and the almost infinite variety 
of forms which may thus be produced is well known to every 
Mineralogist. 

But the study of the Morphology of minerals, which cannot be 
carried beyond a certain point by the aid of the goniometer, is 
capable of being pushed infinitely further when wo investigate the 
internal structure of their crystals, as illustrated by their optical and 
other physical properties. Not onlj^ do wc find the minutest details 
of their external form to be correlated with peculiarities of mole- 
cular structure, as revealed by their action on a beam of polarized 
light, but delicate differences in internal organization which the 
goniometer is powerless to detect become clearly manifested under 
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the searching tests of optical analysis. For the Mineralogist, 
indeed, the polariscope with its accessories has supplemented the 
goniometer, in the same way that the spectroscope has the balance 
of the Chemist. 

What has been stated concerning the optical characters of 
minerals is ecjually true of their other physical properties ; for 
the researches of recent years have shown aU these properties 
to be intimately related to the symmetry of the crystal in 
which they are displayed. In every crystal, the faces of each group 
bearing the same relations to its axes exhibit characteristic pecu- 
liarities in their lustre, in their hardness, and in the manner in which 
they are acted upon by solvents : and these serve to distinguish such 
groups of faces from others in the same crystal having different 
relations to its axes. The elasticity of crystals, their power of 
conducting heat and electricity, and their phosphorescent, electric, or 
magnetic properties, whether natural or induced, are all manifested 
in varjung degrees along certain directions which can be shown to 
be related to the particular symmetry of the crystal. 

The more carefully we study both the forms and the physical 
properties of minerals, the more are we impressed by the conviction 
that the most intimate relations exist between these characters and 
the chemical composition of the minerals. The phenomenon of 
“ plesiomorphism,^’ as Miller propos<5d to call it, that is the slight 
variation in the angular measurements of crystals in the same 
species or group, when any of the constituents are replaced by 
vicarious or isomorphous reproseutatives, very strikingly illustrates 
this conclusion. And the exact study of the optical properties of 
minerals shows that the slightest variation in the relative proportions 
of these vicarious coiistituoiit-s makes its influence felt by changes 
in their colour, in their pleochroism, in the nature and amount of 
their double refraction, in the position of their optic axes, and, 
indeed, in the whole assemblage of the properties of the crystal. 

To the admirable investigations of Tschermak on the felspars, the 
amphiboles and pyroxenes, the micas, and other groups of minerals 
wo are largely indebted for the establishment of this conclusion ; 
while Doeltcr, Max Schuster, and other mineralogists have contri- 
buted many striking observations which serve to extend and fortify it. 

The application of the microscope to the study of the internah 
structure of minerals — their Histology — has led to the recognition of 
many beautiful and unsuspected phenomena. Studied in this way, 
the seemingly homogeneous masses exhibit many interesting inter- 
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growths and enclosures ; and tine study of these, as shown by Sorby 
Vogelsang, Ronard, and jN'oel Hartley, may serve to throw new and 
important light upon the conditions under which the crystals were 
originally developed. Cavities containing carbonic acid and other 
liquids, with bubbles in constant and, seemingly, spontaneous move- 
ment, serve to awaken the interest of the naturalist not less power- 
fully than the mysterious creeping of protoplasm in the hair of a 
nettle, or the dance of blood-corpuscles in the foot of a frog ! 

Others among these histological peculiarities of crystals must be 
regarded as having a pathological significance ; thqy are abnormal 
developments resulting from unfavourable conditions to which the 
crystals may have been subjected during their growth, or in the 
course of their long and checkered existence. 

Tlie variability exhibited in ciy^stals of the same mineral is some- 
times very startling. In addition to ihe varieties due to the 
combinations of manj^ different forms, or to the excessive development 
of certain faces at the ex]>cnse of others, wo have the complicated 
and diversified structures built up by twinning according to different 
laws. Again, by oscillatory tendencies in the same crystal towards 
the assumption of different forms, or by the existence of causes 
calculated to interfere with, the free action of the cj’ystallizing 
forces, we may obtain varieties with curiously striated or curved faces. 

unfroquently large (juan titles of extraneous materials, solid, 
liquid, or gaseous, may be caught up in the crystal during its 
growth, and these foreign substances may bo so ffir affected by the 
polar forces operating around them as to be made to assume definite 
and symmetrical positions within the crystal. 

Even in the case of minerals of identical chemical composition and 
similar crystalline form, marked variations in physical properties 
may result from differences in the conditions under which they have 
originated. In lustre, density, and other characters, Adularia differs 
from Sanidine, and Elseolito from Hephelino. Dr. Arthur Becker 
has shown that Quartz exhibits marked variations in its specific 
gravity, according to the particular conditions under which it has 
been formed. 

There is one kind of morphological variability in minerals which 
has during recent years attracted a great amount of attention, and 
excited much discussion among Mineralogists. Soon after his 
memorable discovery of the relations between the crystalline forms of 
minerals and their optical properties, Brewster detected certain appa- 
rent exceptions to his important generalization : and since his day 
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miliiiy additions to these curious anomalies in the optical behaviour 
of numerals have been made by other observers. So greatly, indeed,, 
have these been multiplied in recent years, that it is doubtful if any 
mineral crystallizing in the Cubic, the Tetragonal, or the Hexagonal 
system could be cited in which the 02)tical i)ropertics are precisely 
what they ought to be according to theory ; and similar anomalies 
are also found in crystals possessing lower degrees of symmetry. 

The attempts which have been made by some crystallographers to 
account for these optical anomalies in crystals, by assuming that 
they possess only a pseudosymmetry, the result of very complicated 
twinning, ingenious as they undoubtedly are, remind one of the 
wonderful addition of eccentrics and epicycles by which astronomers 
so long sought to maintain the credit of the Ptolemaic theory. But 
as in the latter case comjdcxities and difficulties alike vanished when 
the centre of the S3'stcm was shifted from the earth to the sun, so 
have the discoveries of Klein and Kosenbvisch removed the necessity 
for the painfully elaborate crj’stallograihie liyjjothcses to which I 
have referred. 

Most mineralogists will now be iirepai*ed to admit, as the result 
of these researches, that the perfection alike of form and of optical 
properties which may characterize a crystal vhen first formed, is 
liable to slight modification, as the conditions of temi)crature and 
pressure under wdiich it exists vary. In consequence of this, almost 
all natural crystals are found, when we study tliem with sufficient 
care, to exhibit slight but very striking and significant difTcrcnces in 
form and 02)tical behaviour from wffiai they ought theoreticall}^ to 
possess. 

■\Vhile our knowledge of the ordinary mineral varieties promises 
to he vastly extended by the improvements which have been made in 
the methods of optical and chemical diagnosis under the microscope, 
there is nevertheless, at the same fime, reason to hope that the 
relationship of these numerous varieties will, bj^ the same means, be 
made more distinctly apparent. As the existence of well-defined 
natural groujjs of minerals becomes more clearly established, through 
the study of interesting though inconspicuous links, wo shall obtain 
a basis for a much-needed reform in Mineral Taxonomy and Nomen- 
clature. 

The more carefully we pursue our researches among the diversified 
forms of the mineral world, the more are wo impressed by the con- 
viction that each mineral, like each plant or animal, possesses 
its own individuality. Nature does not make facsimiles in the 
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mineral, any more than in the vegetable or the animal kingdoms. 
All the sciences of nature must be content to recognize individuals 
as the onlf real entities, and to accept species, like genera, familiesi 
and orders, as convenient but purely artificial conceptions. 

The geological study of minerals leads us to regard each specimen 
that we examine as possessing a distinguishing combination of 
properties, some of which are imi)ressed upon it by causes operating 
when it came into being, while others are no less clearly the result 
of the long series of vicissitudes through which it has since passed. 

Of all the branches of Mineral Morphology there is none from 
the study of which the geologist has gained more in the past, or 
from which he has greater reason to look for future aid, than that 
of the Embryology of crystals. 

In the year 1840 Link showed that the first stop in the formation 

crystals in a solution consists in the separation of minute spherules 
of supersaturated liquid in the mass ; and subsequently Hailing in 
Holland, and liainej’ and Ord in this eoiinlry, obtained a number 
of interesting experimental results, by allowing crystallization to 
take place slowly in mixtures of crystalloids and colloids. 

Valuable contributions to the same subject were made by Frank- 
beim, Leydolt, and others ; but it is to Hermann Yogolsaiig that wo 
owe the greatest and most important contributions to Mineral 
Embryology. Hy the ingenious device of adding viscous substances 
to solutions in which crystallization w^as going on, he succeeded in 
so far retarding the rate at which the operation took place, as to be 
able to study its several stages. He thus sbowa^d liow the minute 
“ globulitos gatheiing themselves into nebulous masses, or ranging 
themselves according to mathematical laws, gradually build up 
skeleton -crystals, b}" the clothing of which the perfect structures 
arise. 

Since the early and regretted death of Vogelsang, the subject of 
the development of crystals from their embryos, the so-called crys- 
tallites, has been successfully prosecuted by Eedirens, Otto Lehmann, 
Wichmann, and other investigators. 

Now in all glasses — whether of natural or artificial origin — in 
which the process of primary devitrification is going on, we have 
examples of the growth of crystals in a viscous and retarding mass, 
and in these, as Leydolt, Zirkel, and Vogelsang clearly saw, admir- 
able opportunities are afibrded to us for studying the formation of 
crystallites, and the laws which govern the union and growth of 
these into crystals. Two years ago, my predecessor in this Chair 
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Eubxoitted to you the interesting results of his own researches upon 
tfie devitrification of artificial glasses and slags ; and the subject 
has since been pursued by Yelain in France, and by Hermann and 
Kutley in this country. 

The igneous rocks supply us with admirable opportunities for 
studying Mineral Embryology. In the same rock-mass we may 
sometimes find every possible gradation, from an almost perfect glass 
to a holocrystalline aggregate. By the study with the microscope 
of the several transitions in different parts of the mass, we obtain 
data for the most important conclusions concerning the phenomena 
of crystal-development. 

There is another line of research in connexion with Mineral- 
Embryology, which appears to be full of promise, and which has not 
yet received all the attention it deserves. In the “ contact-zones 
around great igneous intrusions, we find the curious so-called 

spotted elates,’’ which under the microscope are seen to contain 
nebulous patches, the mere ghostly presentments of crystals, strug- 
gling into being in the amorphous mass. The development of these 
nebulous masses into perfect crystals, exhibiting the characteristic 
external forms and optical properties of andalusite and cyanite, of 
garnet and epidote, of hornblende and mica, may be traced in some 
cases with the greatest facility. 

More complicated still are the phenomena exhibited along the 
foliation-planes of the rocks, which have been made to flow in the 
act of mountain -making. There, as the old minerals are destroyed, 
new ones build themselves up from their elements. The study of 
all the stops of this process is an undoubtedly difiicult one ; but the 
results already obtained by liousch, Lessen, Heim, and Lehmann, by 
Lapworth, Tcall, Boland Irving, and Williams, lead us to look hope- 
fully forward to the full solution of the grand but complicated 
problems of regional metamorphism. 

The field of Mineral-Embryology is indeed a promising one, and 
its diligent cultivators may hope to gather a harvest no less rich 
than that which has been reaped by the workers in the same depart- 
ment of the Biological Sciences. 

Let us now turn from the statical aspect of minerals, their 
Morphology, to the dynamical aspects, their Physiology. 

Minerals are not fixed and unchangeable entities, as they are 
sometimes considered. On the contrary, they exhibit varying 
degrees of instability, and pass through very definite series of 
metamorphoses. 
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We have already seen that every alteration in the temperature or 
other conditions which surround a crystal leads to striking modifi- 
cations of molecular structure, which are at once revealed by the 
delicate tests of optical analysis. So sensitive, indeed, are some 
crystals to the action of external forces, that even the passage of the 
light-waves through their substance leads to permanent molecular 
rearrangements which are evidenced by marked changes in colour, 
translucency, and other properties. 

Many minerals have their atoms so arranged that the action of 
external forces causes them to fall readily into new combinations, in 
this way we have brought about such paramorphic changes as that 
of aragonite into' calcite, and augite into hornblende. Excessively 
slight manifestations of force are sometimes sufficient to induce 
these paramorphic changes. 

But the most significant fact of all is that every crystal possesses 
certain peculiarities of molecular structure, and as the result of this 
internal ^ organi^jation ” it responds in a definite manner to the action 
of various external forces, undergoing in this way well-marked 
series of physical and chemical changes without losing its identity. 
As the final result of such successive changes, however, tlu) 
bonds which hold the “ organized ’’ structures together are gradually 
weakened, and at last break down altogether. In this wa}^^ the 
separate existence of the mineral comes to an end ; but tlio materials 
of which it was composed, resolving themselves into new compounds, 
may go to build up the substance of other “ organized structures. 
Need 1 point out that in all these respects minerals behave exactly 
like plants and animals ? 

But in the case of ]jlants and animals changes such as these, 
which are the direct outcome of cxt/crnal forces acting on a special 
organization, are called Fhysiolo^iml, and 1 know of no valid reason 
why the same term should not he emploj-ed in the case of minerals. 
It is true that the accomplishment of the cycles of change in 
minerals often requires periods of time of enormous duration, and 
that during incalculable intervals they may appear to he wholly 
susj)eridcd ; hut in these respects the “ life of a mineral difiers from 
that of a plant in just the same manner as the latter does from the 
life of an animal. 

I must ask your attention for a few moments to fhese peculiarities 
of internal organization in minerals, and to the way in which the 
various physical and chemical forces act and react upon them in con- 
sequence of their special organization. 
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Recent researches have shown that every crystal possesses a 
number of planes, all of which are related to its peculiar symmetry, 
along which the several physical forces operate in a marked manner 
to produce changes in the physical and chemical properties of the 
crystal. These pianos have been called the “ structure-planus ’ of 
the crystal. 

By far the most obvious of these structure-jdanes of crystals 
are those of cleavage. When crj'stals are subjected to the 
action of mechanical force they break up along one, two, or tlu ee 
definite planes, with varying degrees of ease. In some cases 
when this separation cannot be readily effected by percussion or 
pressure, it may be brought about by the unequal exj)arision and 
contraction in a crystal resulting from alternate heating and cooling. 
Wo cannot arrive at the limit of this liability of a crystal to 
separate along its clcavage-])lanes ; it* wo powder a calcite- crystal 
and examine the fine dust under a microscope, each minute grain 
will be seen to have the form of a cleavage-rhomb ! 

Now the exquisite molecular structure of a crystal, of which 
this wonderful property of cleavage is the outcome, is borne 
witness to, not only by the perfection of the cleavage-surfaces — 
presenting, as they do, a lustre wdiich Jio artificial polish can imi- 
tate — but by the fact that each particular set of cleavage-surfaces 
presents definite chai'acteristics, analogous to those seen in the 
actual faces of crystals. Each exhibits striking peculiarities in its 
mode of reflecting light ; each yields in varying degrees to a hard 
point drawn across it in different directions ; and each, when treated 
with appropriate solvents, is attacked in a characteristic fashion, 
giving rise to the geometrical forms known as the etched-figures. 
Wondorful as these cleavage-surfaces are, however, it must be re- 
membered that the power of cleavage is one that, under ordinary 
circumstances, remains altogether latent in crystals. 

Cleavage-planes, how^ever, are not the only latent structure-planes 
in crystals. Long ago it was show^ri by Brewster, Reusch, and 
Pfaff that when minerals are subjected to pressure in certain direc- 
tions, their molecules appear to glide over one another along certain 
definite planes within the crystal ; and if we examine optically a 
crystal which has been treated in this manner, it is actually found 
to exhibit a series of twin -lamellae arranged parallel to the so-called 
gliding-planes.” It thus appears that in the movements set up 
within a crystal by the application of force from without, certain of 
the molecules of which the crystal is built up, lying in bands 



At one time these “ glidiug-j)lanes wore regarded as being 
peculiar to a few minerals, such as calcite and rock-salt ; but the 
investigations of Prankeiiheim, llaumhaucr, Poerstnor, and especially 
of Miigge, have shown that they exist in crystals belonging to every 
group in the mineral kingdom, including all those minerals which 
occur as common rook-forming constituents, such as the felspars and 
pyroxenes. 

As is tJio case with the cleavage-planes, so with the gliding- 
planes, there may exist one, two, or three in the same crystal. 
One of those is usually a principal gliding-plane — the slipping 
movement with its accomi)anying twin-lamellm being produced 
parallel to it with the greatest facility — while the others are sub- 
ordinate ones. 

Strange to say, however, the particular gliding-piano along which 
a crystal yields appears to he determined, not only by the direction 
in which the force is applied, but to some extent also by the nature 
of that force, whether percussive, or a sustained pressure, or a 
violent stress ; in some cases wherp the ai)plication of external 
force fails to produce the gliding movement with its accompanying 
lamellar twinning, it may be induced by the strains which result 
from unequal expansion and contraction during tlie heating and 
cooling of a crystal, Some mineralogists have, indeed, proposed 
to apply distinctive names to the results which follow from the 
application of different kinds of force — whether a blow {Schlag- 
figuren), pressure (lleissjlachen), or the effect of heating and cooling 
( Gontretetionsrisse) , 

The gliding-planes of crystals are quite distinct from the cleavage- 
planes, though some very curious and interesting relations have, in 
certain cases, been shown to exist between them. That the arti- 
ficial formation of twin-lamellee, like the production of cleavage, 
is rendered possible by complicated molecular structures, it is 
scarcely necessary to point out. The application of external force 
to such crystals is like the putting of a spark to a train of gunpowder ; 
the molecules lying in parallel bands are in unstable equilibrium, 
ready, so soon as set in motion, to roll through an angle of 180°. 

There is still a third and even more subtle set of structure-planes 
in crystals to which I must now allude, those, namely, for which 
4)he name of solution-^}lane8 has been proposed. 

It was long ago shown by Daniell that when crystals are exposed 
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to the notion of solvents, they are attacked in such a manner as to 
give rise to peculiar geometrical forms. The subject has been 
follovred up by Baumhauer, Leydolt, Becke, and others, who have 
shown what a wonderful variety of “ etched-figuies ’’ may be 
produced by operating upon the various faces and cleavage-surfaces 
of different crystals, 

.Quite recently, however, it has been shown by Yon Ebncr, as the 
result of his studies of calcite and aragonite, that all the complicated 
phenomena of the etched figures arise from the existence of planes 
along which solvent or chemical action takes place most readily 
within a ciy^stal. It thus appears that these complicated etched 
figures, with their curved and striated surfaces, are indications of 
the combination or oscillation of tendencies to chemical action along 
the different solvent-jdanes of the crystal. 

My own experiments have euahled me to show that the chemical 
action taking place along the solution-planes of crystals leads to the 
development of cavities, often assuming the forms ol’ negative crystals, 
which may become wholly or partially filled with the products of 
the chemical action. 

Although tho solution-planes are quite distinct, both from the 
gliding-pliines and the cleavage- planes of cr}’stal8, i have boon able 
to show that some curious and interesting relations exist between 
them. If lamellar twinning has been already developed in a 
crystal, then chemical action takes place along the gliding-planes in 
preference to the normal^vsolution-planes. 

It is only when we study the minerals building up the rock-masscs 
of the globe that we fully realize the importance of these molecular 
structures, and the wonderful changes Tvhicli crystals are capable of 
undergoing, as a coiisequoncc of tlicir iiitenial ‘‘organization." 
Then, and then only, do wo begin to indorstand the significance 
and tho far-reaching con.«equcnces of the physloloyical changes of 
which minerals are susce{)tiblc. 

The crystals forming the rock-masses of the globe have been 
subjected to every variety of mechanical force — violent fracture, 
long-continued s trail’, steady but enormous pressure — prolonged 
over vast intervals of time, to which must bo added the potent effects 
of alternate heating andScooling. Such crystals, moreover, are trans- 
fused through their whole substance by various liquids and gases 
acting under tremendous, and sometimes varying, pressures. 

Under such circumstances it is not surprising to find that the 
crystals have often yielded along their cleavage-planes, and that 
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oleavage-€racks have been produced. These, by affording a ready 
channel for the passage of -solvents, not unfrequently determine 
the course of various chemical operations going on -within the 
crystal, 

Not unfrequently, too, the rock-forming minerals have yielded 
along their gliding-planes, and tho development in them of twin- 
lamellge is the result. Every crystal of cal cite in an ordinary meta- 
morphic limestone, and many of the plagioclase felspars in igneous 
rocks, exhibit the secondary lamellar twinning which has arisen 
from the action of mechanical forces upon tho mass The 
microcline structure in orthoclases, with many other similar struc- 
tures in other minerals, must almost certainly bo ascribed to the 
same cause. 

Still more remarkable arc the consequences which follow from 
the existciico of the solution -planes in crystals. By the action of 
various solvents under pressure, angite is made to assume the forms 
known as diallago and pseudo-liypersthono, and ferriferous enstatite 
of bronzite or hyperstbene, while the felspars acquii*c their avanturine, 
Schiller, and chatoyant phenomena. When, in addition to the statical 
pressures due to thousands of feet of superincumbent rocks, these 
solvent agencies work with those tremendous dynamical aids afforded 
by deforming stresses, such as make the rocks to flow during 
mountain-making, it is not surprising to find the molecules of tho 
original crystals breaking from their old allegiances, and the 
liberated atoms uniting to form new minerals, the position of which 
is determined by the lines of flow in tho mass. 

Not a few of our gems owe their exquisite beauty to these 

* It bus ofteu be(ju assorted that the “striatioii'’ on the faces or cleavage- 
surfifioes oi‘ crystals is an indication of the existence of polysynthetic twinning. 
In the oligoclase of Ytterby and other localities, however, I have found that 
many crystals which exhibit siriation do not afiect polarized light differently 
in tho alternate stria3 ; but on submitting tbo crystals to alternate heating and 
cooling, and sometimes by percussive force, the twinning may be easily developed 
in them. It appears from these observations that the crystals are builjj up of 
lamellas, in which the molecules are alternately in stable and unstable equili- 
brium. I have in some cases found that the stresses upon a slice of felspar 
which is being heated and cooled and then ground into a thin section, while 
cemented to a glass plate during the preparation of a microscopic slide, are 
sufUcient to cause the rotation of the molecules in the alternate lamella;. In 
some cases, I have no doubt that twin-lamellatiori, like cleavage-cracks, may be 
induced in the crystals of our rock-sections during the processes to which they 
are submitted in their preparation. 
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physiological changes which have taken place in them since their 
first formation. The ardent glow of the Sunstone and the pale 
watery gleam of the Moonstone, no less than the lovely play of 
aznre tints in Labrador-spar and the bronzy sheen of Paulite, are 
the result of physiological processes [taking place in crystals which 
were originally clear and translucent. In the profound laboratories 
of our earth's crust slow physical and chemical operations, resulting 
from the interaction between the crystal, with its wonderful mole- 
cular structure, and the external agencies which environ it, have 
given rise to new structures, too minute, it may be, to be traced by 
out microscopes, but capable of so playing with the light-waves as 
to startle us with new beauties, and to add another to 

“ The fairy tales of soience, and the long results of time.” 

Yes! minerals all have a lif&-history^ one which is in part 
determined by their original constitution, and in part by the long series 
of slowly varying conditions to which they have since been subjected. 
In spite of the circumstance that their cycles of change have 
extended over periods measured by millions of years, the nature of 
their metamorphoses and the processes by which these have been 
brought about are, in all essential respects, analogous to those which 
take place in a Sequoia or a butterfly. In spite, too, of the 
limitations placed upon us by our brief existence on the globe, it is 
ours to follow in all its complicated sequence this procession of 
events, to discover the delicate organization in which they originate, 
to determine the vaiicd conditions by which they have been con- 
trolled, and to assign to each of them the part which it has played 
in the wonderful history of our globe during the countless ages of 
the past. 

The subject of Distribution, or Chorology, is one of no less import- 
ance in the study of the mineral than in that of the vegetable and 
animal kingdoms. The relations of minerals to one another, and 
the iQanner in which they make their appearance in respect both to 
time and place, constitute a most instructive and suggestive field of 
research. 

The older mineralogists paid some attention to the question of the 
mode of association of minerals with one another, which they 
described under the term “ Paragenesis." But this was at a time 
when only large and freely crystallized specimens received much 
attention. At the present day this question of the varied distri- 
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bution of mioerals in space and time, and tbe^manner in wbioh they 
are associated with one another to build up rock-masses, constitutes 
a most important branch of our science, that to which the name of 
Petrology is given. 

Under the name of “ Petrography ” an attempt has been made to 
establish a branch of Natural-History science which shall bear the 
same relation to Mineralogy as that science does to Chemistry. As 
minerals are formed by the union of certain chemical compounds, so 
rocks, it is argued, may be regarded as being built up of different 
minerals. But it must be remembered that while minerals possess 
a distinct individuality — the result of their different chemical con- 
stitution and their characteristic crystallographic form — ^we are 
quite unable to point to anything analogous to these in the case of 
rocks. 

How is a rock- species ’’ to be defined ? It is not enough to state 
its ultimate chemical composition ; for rocks of the most varied 
character and origin may agree in this respect. Equally futile 
is it to take mineralogical constitution as the basis of our classifi- 
cation ; for, in the same rock-mass, the species of minerals which 
are present and their proportions to one another may, and, indeed, 
often do, vary from point to point. Nor does minute structure, 
though afibrding admiiable criteria for distinguishing certain types of 
rock, sujjply a sufficiently definite moans of diagnosis for all the 
different varieties which occur. A system of “lithology’^ may, 
indeed, be devised, if wo confine our attention to the hand-specimens 
in our museums ; but it breaks down the moment that we attempt 
to apply it in our researches in the field. 

I have long felt assured that all attempts at a nomenclature and 
classification of rocks must, for the reasons just stated, be regarded 
as tentative and provisional only ; but the careful study of rocks is 
nevertheless bringing to light a number of facts calculated to pro- 
foundly modify mineralogical no less than geological thought and 
speculation. 

Petrology forms the link between Mineralogy and Geology, just as 
Palaeontology does between Biology and Geology. Mineralogy has 
justly been styled the alphabet of Petrology ; but if the orthography 
and etymology of the language of rocks lie in the province of the 
Mineralogist, its syntax and prosody belong to the realm of the 
Geologist, In that language, of which the letters arc mineral 
species and the words are rock-types, I am persuaded that there is 
written for us the whole story of terrestrial evolution. 



76 PEOCEEDINGS OP THE GBOLOGIOAL SOCIETY. 

Petrology, it is clear, could make but little progress until the 
improvement of microscopic methods enabled us to make accurate 
determinations of the minerals in a rock, even when these are 
present as the most minute particles. The characteristic peculiarities • 
of the different rock-forming minerals, so carefully studied by 
Zirkel, their aecurato optical diagnosis, at which llosenbusch has 
laboured with so much success, siij>plemeiited by the micro-chemical 
methods of Knop, Jlofickx, Strong, and Behrens, and the pyro- 
chemical method of Szabb, have already done much to render exact 
our methods of recognizing the minerals in a rock. The contri- 
vances, for which wo are ])rincix)al]y indebted to the Erench 
petrographers, for effecting the isolation of the minerals in rocks, 
so that they may be submitted to accurate chemical analysis, enable 
us in cases of difficulty or doubt to confirm or choctk the results of our 
microscox>ic studies. 

But there is at x^rcsent perhax>s a tendency to confound the end 
with the means in such researches as these. When all the varieties 
of minerals in. a rock have been correctly identified, the work of the 
Petrologist is not ended ; on the contrarj% it is only just begun. 

The relations hix) of the several minerals in a rock to one another 
the discrimination between such as are original and those of 
secondary origin, and the recognition among the former of the 
essentia], as distinguished from those that are accessory or accidental, 
— these are x^roblcms of even greater iiiix^ortaiice than the exact 
determination of the species or varieties to which each belongs. In 
not a few rocks it can bo demonstrated that every one of its i^resent 
minenil constituents is different from those of which it was originally 
made up ; in some cases, indeed, it may be shown that the recombi- 
nation of the elements of the rock into fresh miiiorai aggregates lias 
taken x>lace again and again. As well might we try to give a 
rational account of our English sxieech without taking into account 
the scries of changes through which it has passed in its evolution 
from the Anglo-Saxon dialects, as to explain the nature of a rock 
without studying the influence upon it of the forces by which it has 
gradually acquired its present characters. 

With respect to the geographical distribution of the different 
mineral species, many suggestive observations have been made. 
Some, like the felspars, the pyroxenes, and the olivines, appear to be 
ubiquitous in our earth^s crust, and even make their appearance 
again in those bodies* of extra-terrestrial origin — the meteorites.. 
Others, like leucite, nephelino, hauyne, sodalite, and melilite, are 
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exceedingly abundant in certain areas of the earth’s surface, while 
they appear to be wholly wanting in others. 

Still more remarkable are the relations which are found to exist 
between the types of rocks occurring in different geographical areas. 
The study of this subject is leading us to the recognition of the 
fact that there are distinct petrological provinces. In closely 
adjoining areas — such as Hungary and Bohemia, for example — 
widely differei^t types of rock have been erupted during the same 
geological period ; and this is a fact not less striking and significant 
than that of the meeting of two i>crfectly distinct biological 
provinces along a line which traverses the Malayan archipelago. 
It cannot be doubted that the prosecution of this hopeful branch 
of study — the geographical distribution of minerals and rocks — will 
lead us to results of the highest interest and value. 

That there will he shown to be a distribution of rocks in time, as 
well as in space, I am perfectly prepared to believe. I cannot but 
think, however, that some of the generalizations on this subject 
which have been hazarded are somewhat premature. To a geologist 
(especially one belonging to the school of Lyell) it is equally difficult 
to conceive that there should be a broad distinction between the 
metamorphic rocks of Archaean and post- Arch scan age respectively, 
as that the pre-Tertiary volcanic rocks should be altogether different 
in character from those of Tertiary and Ileccnt times. 

The great object of all our studies (concerning the Morphology, 
the Physiology, and the Chorology) of the mineral kingdom ought to 
be to arrive at definite ideas concerning its iEtiology — the causes by 
which the existing forms, capabilities, and positions of minerals and 
rocks have been determined. 

While the fossils contained in rock-masses afford us the means 
for determining the date of their origin, the careful study of 
the minerals which they include may enable us to unravel the 
complicated series of changes through which they have passed since 
their first formation. 

Eighteen years ago, when endeavouring to show how the origin 
of a particular rock might be elucidated by a combination of studies 
in the field, in the chemical laboratory, and by the aid of the 
microscope, I ventured to offer to this Society some general remarks 
on this subject. As it has been my constant labour ever since that 
time to apply the principles then enunciated to the case of rocks 
of more complicated character and more recondite origin, I may 
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]^liap8 be forgiven for repeating the words I then used. Every 
rock since its first formation “ has undergone and it still is under- 
going a constant series of internal changes, the result of the action 
of different ^causes, as heat, pressure, solution, the play of many 
chemical affinities, and of crystallographic and other molecular forces, 
causes insignificant perhaps in themselves, but capable under the 
factor time of producing the most wonderful transformations. The 
geologist is called upon to unravel the complicated results, to 
pronounce what portion of the phenomena presented ijy a rock is due 
to the forces by which it was originally formed, and what must he 
referred to subsccpient change ; to discriminate tlie successive stages 
of the latter and to detect their various causes : in short to trace 
the history of a rock from its deposition f o the present moment.'’ 

Dr. Wadsworth has well characterized the changes which take 
place in rock-masses as due to the tendency of unstable mineral 
combinations to pass into stable ones. It must be remembered, 
however, that stability is a relative term, and that the arrangement 
of molecules which is stable under one set of conditions, becomes 
unstable under another set. As by the internal movements and the 
external denudation of tho earth’s crust, the conditions under which 
rock-masscs exist arc undergoing slow hut continual change, new 
adjustments of the molecular structure of the mineral elements of 
such rocks are at tho same time necessitated and brought about. 

In attempting to reason as to iho 07'Ufi nal conditions under which 
a rock-mass must have been formed, it is of great importance to 
avoid those sources of error which exist in rocks that have under- 
gone much secondar)^ alteration. Such rocks abound in, though 
they are not necessarily confined to, the older geological formations ; 
and it is among the younger and fresher rocks, therefore, that wo 
may most hopefully seek the key to mai y petrological problems. 

If, for example, we concentrate our attention upon tho more recent 
and less altered igneous rocks, it becomes clear that the degree of 
crystallization displayed by them has depended on the slowness with 
which consolidation has taken place, and that this has in turn been 
determined by tho depth from tho surface at which they have been 
formed. In this way, by the study of igneous rock-masses in 
Scotland and in Hungary, I was able to show that there is a perfect 
gradation from highly crystalline rocks (granites, diorites, and 
gabbros) into the ordinary volcanic types (rhyolites, andesites, and 
basalts, respectively), and from the latter into the various kinds of 
volcanic glass. These conclusions have been confirmed by subsequent 
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investigations like those of Hague and Iddings in the Comstock 
region, and of Lotti in Elba. Further and more recent researches 
have enabled me to show that certain types of structure have been 
determined in rocks, according to tho more or less perfect absence 
of all movement within them during their consolidation. 

Yery remarkable, indeed, are the internal changes which take place 
in rock-masses when they are submitted to those powerful stresses 
which result from the movements that occur during mountain- 
making. 

It was long ago assorted by Scrope and Darwin that the solid 
rock-masses of tho globe, under such conditions as these, must 
have flowed^ like the viscous lavas of the rhyolitic series. 

They wore even able to show that the separation and disposition of 
the cr 5 'stalline elements in sucli lavas present the closest analogy 
with wliat is seen in the ciystallino schists and gneisses of greatly 
disturbed areas. 

Since these early and notable researches, which were principally 
based on the study of rocks in the field, aided only by the pocket- 
lens, three classes of investigations have served to deepen our insight 
into th('> methods by which the schistose and gneissose rocks must 
have been produced. 

In tho first place, the experiments of MM. Tresca and Daubreo 
have sliown that solid matter under enormous pressure behaves like 
a viscous substance, its whole internal structure exhibiting evidence 
of tho fiowing movements to whicJi it has been subjected. 

In the second place, the studios of M. Spring have established the 
fact that both paramorphic change aud direct chemical reaction 
may result from simple pressure. Thus the unstable monoclinic 
form of sulphur, by a pressure of 5000 atmospheres, is at ordinary 
temperatures instantly converted into the stable rhombic form, a 
transformation accompanied by change of density and of many other 
physical properties, 8tiU more striking is the well-known case of 
the unstable, yellow, rhombic, mercuric-iodido, which, by simple 
rubbing with a hard substance, passes into its stable, red, tetragonal 
allomorph. It is instructive to notice that the same change in both 
instances appears to take place “ spontaneously ” after a sufficient 
interval of time ; or, in other words, small variations in tempera- 
ture, pressure, and other surrounding conditions are capable, if 
sufficient time be allowed, of bringing about the same result as more 
intense pressure applied suddenly. That the similar paramorphic 
change of pyroxene into hornblende, which is so frequently exem- 
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plified in the earth’s crust, is sometimes the result of intense 
pressure, and at other times follows from the repeated slight altera- 
tion of conditions during long periods of time, we have, I believe, 
abundant evidence. 

The experiments of M. Spring which prove that direct chemical 
reactions can result from the action of pressure, are, however, of 
even greater interest to the geologist. By submitting mixed powders 
to intense compression, ho succeeded in ])roducing metallic alloys 
and various binary compounds, and also in bringing about double 
decomposition between many salts. That similar reactions between 
the complicated silicates which form the minerals of rocks have 
resulted from the enormous pressures to which they have been sub- 
jected, we have the most ample proof. Thus in rocks where such 
pressure has just begun to act, such as the “ flaser-gabbros,” 
wherever the unstable olivine is in contact with the almost equally 
unstable anorthite, chemical reactions have been set up by the 
pressure, and these have resulted in the formation of zones of 
enstatite and anthophyllite, hornblende and biotito, which have 
been so well described by Tornebbhm, Bonnoy, Adams, and Williams 
Provided with the clue supplied by these results, we find little 
difficulty in going one step further. When the pressure has been 
still more intense, as in mountain-making movements, reactions 
are set up among all the minerals of tbe rock-mass, the elements 
of which it is composed, set free from their old engagements, enter 
into new alliances, and the result is the formation of a completely 
new set of crystallized minerals. 

The third class of researches, destined, as I believe, to remove our 
difficulties in explaining the origin of the schistose and gneissose 
rocks, are those alreadj- alluded to as having been undertaken with 
the microscope. As yet the details of such changes have only been 
explained in the case of some of the simpler examples ; but I am 
convinced that the persevering application of the same methods in 
the field and the laboratory will result in the removal of difficulties 
that now seem to he absolutely insuperable. 

Some observers in this country have been led to infer that the 
recrystallization of rock-masses under pressure has in all cases been 
preceded by their pulverization. Of this, I confess that I can find 
no evidence. That near great faults of all kinds this reduction of 
rocks to powder does take place, we find abundant proof ; but the 
evidence seems to me to also point to the conclusion that such 
Todc^crushing^ as distinct from rock-flowing^ is in every case local 
«iLd exceptionaL 
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There is another and totally different series of changes which 
takes place in rocks, when, brought near to the surface by denudation, 
they are exposed to the action of water, oxygen, carbonic acid, and 
other atmospheric agents. The breaking-up of the alkaline silicates 
and the deposition of secondary silica, the formation of the zeolites, 
the cpidotes, the chlorites, and the serpentines, the resolution of 
crystallized minerals into isotropic mixtures, and the recrystalli- 
zation of these in new forms, all offer problems of the highest 
interest to the geologist. 

I may venture, in drawing these remarks to a close, to indicate 
another point of analogy between the throe Natural-History Sciences. 
It is found in the circumstance that experimental verifications of 
our conclusions are often difficult, if not actually impossible. 

We must be content to reason from the proved variability of 
the existing forms of plants and animals as to the possibility of the 
production in time of new species. And in the same way, with our 
limited command of heat, pressure, and especially of time, we can 
scarcelj^ hope to originate the exact counterparts of all the various 
minerals and rocks of our earth^s crust. 

We may nevertheless point with satisfaction to what, in spite of 
such difficulty, has already been accomplished in this interesting field 
of research. The honour of having pushed these researches to such 
successful issues belongs chiefly to the chemists, mineralogists, and 
geologists of France, To the labours of Senarmont, Daubree, and a 
host of other workers we owe the artificial production of a very 
large number of the minerals of our globe ; while the ingenious 
experiments of Fouque and Michel Levy* have resulted in the for- 
mation of many rocks differing in no essential particulars from those 
which have been produced by natural agencies. 

In the prosecution of his various researches the importance and 
value of exact Mineralogical knowledge to the Geologist is becoming 
every day more apparent. The temporary estrangement between the 
cultivators of Mineralogy and Geology is now happily and for ever at 
an end ; very heartily, indeed, do geologists recognize and welcome 
the aid of their brethren the mineralogists. 

But if it be confessed that the benefits, past and prospective, 
conferred on geological science by Mineralogy are vast and even 
incalculable, it must also be admitted that the debt is amply repaid 
by the beneficial influence which is being exorcised in turn upon 
Mineralogy by Geology. 

Some time ago a distinguished mineralogist asked me if I did not 
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find the ordinary text-books of his science but little calculated to 
arouse the interest or excite the enthusiasm of students. I am 
sure that the energy of my assent must at least have assured my 
friend of the strength of my convictions on the subject. 

* Too long, indeed, has the accumulated mass of mineral-lore recalled 
the grim vision of the seer of Chebar. In that gruesome valley the 
wail of the student, “ The bones are very dry ! has been echoed by 
the sigh of the teacher, “ Can these bones live ? But now from the 
four winds of heaven come the constructive ideas of many minds — 
from Scandinavia and from France, from Germany and from the 
United States — and in obedience to this influence behold a great 
shaking ” in the formless mass. Scattered facts, isolated observa- 
tions, imperfect generalizations, and tentative hypotheses are falling 
together “ bone to his bone,’’ and are building up a sound body 
of minerjilogical knowledge, into which, the spirit of geological 
thought entering. Mineralogy shall stand forth a living science I 
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February 23, 1887. 

Prof. J. W. J UBD, F.E.S., President, in the Chair. 

Edward Bickerton Milward, Esq., Gnibe V/ohlfahrt, Hellenthal, 
Eifel, Germany, was elected a Fellow of the Society. 

The List of Donations to the Library was road. 

The following communications were read : — 

1. “ On the Origin of dry Chalk Valleys and of Coombe Rock.” 
By Clemcnl Reid, Esq., F.G.S. 

2. “ Probable amount of former Glacintion of Norway, as demon- 
strated by the prc^sent condition of Rocks u])on and near the western 
coast.’^ By W, F. Stanley, Es(j., F.G.S. 


{ Al)str.i.H .] 

The observations on which this papcn* are based were made in 
Juno last, during a voyages along the W(‘st ('oast of Norway. Inland 
conditions were also noted in the llardangcT and Sogne Fjords, and 
a few trips up some of the valleys enabled these* inland observations 
to be further extended. The Author limited his work to searching 
for oiitlim^ evid(‘nco of ice-action. The asj)ect of the coast foi’ 
hundreds of miles consecutively has a uniform character of jagged 
and pointed rocks nearly to the sea-level. At the mouths of the 
fjords the rocks are more rounded, particularly at heiglits less than 
100 feet. Within the Arctic Circle the Hwartiseii glacier reach<‘s 
nearly to the sea, and here the rocks are more rounded. 

The Author exhibited sketches showing the characteristic forms of 
the rocks, and concluded from a study of these that ice had never pn*- 
vailed along the entire west ern coast of Norway, ncitlier liad inland ice 
of any considerable thickness flowed over this coast in siiffici<mt 
volume to wear off the points of the vsharidy fractured granit e. Even 
tlui rocks below 100 feet are not more worn than is sometimes the case 
in tropical climates. The “ shark’s teeth ” of the Lofotons have not 
l)een planed down, nor is there any vestige of tlie great ice-sheet of 
our text-books within the Arctic C^rch^ upon the* coast of Norway. 
Even in tho fjords there is 110 evidence of ic(^-action until we arrive 
at the bead, where it is very evident. Then^ eaii be no better 
demonst ration of the extent of former glaciation than in the Romsdal 
valley, wh(T(> the line of the worn base extends as high iij) tlu* rock 
as 0(^0 feet 10 miles inland. H(> also instanced the ])riTH'ij)al glaciers 
of the Folge Fjord, now about 7 miles from the o]>en water of the 
fjord, though formerly within half a mile. The angular character of 
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the low rocky island in front of Odde shows that it cannot have 
advanced further. 

The Author concluded that at no period within geologically recent, 
say Tertiary times, has ice extended much further than at present. 
Seeing that the morainic matter now in the valleys has been derived 
from the hills, there must formerly have been a greater extent of land 
above the snow-line, and this would cause a former extension of 
glaciers without resort to any extraneous theory or change ol cli- 
mate, The Great Ice Age has left no trace on the Norwegian 
western littoral. 


Discussion. 

Prof. Getkte said he had visited the country^ and had come to 
precisely o])posite conclusions to the writer. It appoar(‘d to him 
that from the outer islands up to the higher mountains the lower 
grounds have been Imried under a thick sheet of ice. Occasionally 
the higher parts of the sides of fjords are weathered, and tlio marks 
of glaciation have disappeared, whilst these marks are still distinct 
at lower levels. 

Mr. IIlanford asked if Mr. Stanley had soon Ohristiaiiia Fjord, and 
remarked that, us clear evidence of glaciation on a large scale was 
found in Houthern Norway, the coast at a more northern latitude 
could scarcely have been free from ice-action. 

Col. McMahon r(;markod on the extent to which rocks are worn 
away and a rough surface given to rocks by severe frosts, as shown 
in the Himalayas. 

Mr. Stanley said the glaciation was peculiarly distinct in the 
heads of the valleys, where the granite has retained the jxdished 
surface left by the glaciers. The extraordinary fact was that rocks 
of grey granite close to the sea should bo so shar]) as they ar(^ if ko 
had gone over them, for instance; th^* so-called “ shark s te(;th ” 
of the Lofoten Islands. The fact that the 8tor Fjord was deeper 
than the ocean between England and Norway was also opposed to 
the idea of ice having cut the valley. 


The following specimens were exhibited : — 


Specimens of Eomsdal Gneiss, exhibited by W. F. Stanley, Esq., 
F.G.8., in illustration of his paper. 
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March 0, 1887. 

Prof. J. W. Judd, F.E.S., President, in the Chair. 

William Barlow, Estj., Hilliield, Muswell Hill, N. ; William 
Worhy Beaumont, Esq., Memb.lnst.C.E., 229 Norwood Eoad, Herne 
Hill, S.E. ; Martin William Browne Flblkes, Esq., Assoc. Momh. 
Inst.C.E., 1 1 Delahay Street, Westminster ; Samuel J ames Hawkins, 
llisq., The Promenade, Highgate, N, ; and Jonathan Coulthard 
Walton, Esq., Writhlington, near Bath, were elected Follows of the 
Society, 

The List of Donations to the Library was read. 

The following communications wxre read : — 

1. ** On Ohondrosteus acipenseroides^ Ag.” By James W. Davis, 
Esq., F.G.S. 


2. “ On Aris(os\ichits Gw., being further Notes on the 

Fossils describ(Kl by Sir 11. Owen as PoidcUophuron pusilluSy Ow.” 
By Prof. H. 0. Seeley, F.li.S., F.G.S. 

B. “ On Fatricosaurifs nierocratm, Seeley, a Lizard from the 
(kimbridge Greensand, preserved in the Woodwardiaii Museum of 
the University of Cambridge.” By Prof. H. G. Seeley, F.ll.S., 

F.G.S. 

4. On Heterosiichns valdensis^ Seeley, a proccclian Crocodile from 
the Hastings Sands of Hastings.” By Prof. H. G. Seeley, F.B.S., 
F.G.S. 

5. On a Sacrum, apparently indicating a new type of Bird 
(Ornithodesmus clunicuhis, Seeley), from the Wealden of Brook.” By 
Prof. H. G, Seeley, F.E.S., F.G.S. 


The following specimens wore exhibited : — 

Specimens of Patricosauriis merocratus, Seeley, exhibited by Prof. 
T. M^^Kenny Hughes, F.G.S., in illustration of Prof. Seeley b paper. 

A cast of the specimen of Ifeterosuchus valdensis^ Seeley, exhibited 
by Dr. H. Woodward, F.R.S., F.G.S., in illustration of Prof. Seeley’s 
paper. 
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March 23, 1887. 

Prof. J. W. Judd, F.li.S., President, in the Chair. 

CJaude Black, Esq., 33 Kensington Gardens Square, W., was 
elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ Notes on thcj Structures and Ilelations of some ol the older 
Rocks of Brittany.” By T. G. Bonuey, D.Se., Lli.J)., F.R.S., 
V.P.G.S., Professor of Geology in University College, London, and 
Fellow of St.John’s College, Cambridge. 

2. “ The Rocks of Sark, llerm, and Jethou.” Bv Rev. E. Hill, 
M.A., F.G.S. 

3. “Quartzite Boulders and Grooves in the Roger Mine at 
Dukintield.” By Janujs Radcliffe, Esq., F.G.S. 

The following specimens w^ere exhibited : — 

Rock-specimens and microscopic Rock-sections, (ixhibited by Prof. 
T. G. Bonney, F.K.S., Y.P.G.S., and the Rev. Edwin Hill, F.G.S., in 
illustration of their pa 2 )crs. 

A Quartzite Boulder in Coal, from the Rogcu’ Mine, Dukinfield, 
exhibited l)y J. Radcliffe, Esc)., F.(i.S., in illustration of Ids pai)er. 

Three Quartzite Pebbles from Coal, exhibited by W. S. Greslc^v, 
Esq., F.G.S. 


April 6, 1887. 

Prof. J. W. Judd, F.R.S., President, in the Chair. 

lh)v. Charles Leach, 50 Fernhead Road, London, N.W., was 
elected a Fellow ; and Scnh. J. F. N. Delgado, of Lisbon, and Prof. 
Albert Heim, of Zurich, Foreign Correspondents of the Society. 

The List of Donations to the Library was read. 

The PiiESiDENT stated that the “ Societe Ouraliennc d’Amateurs 
des Sciences Naturelles,” established at Ekaterinebourg, had an- 
nounced their intention to hold a Scientific and Industrial Exhi- 
bition at that place during the present year, opening on the 
27th May, and closing on the 27th September. 
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On the requisition of a Fellow of tlui Society, three extracts from 
the Council Minute Book were nuid by the Secretary . 

The following communications were read : — 

1. “ On the Books of the Malvern Hills. — Part II.’’ By Frank 
Butley, Esq., F.G.S. 

2. “ On the alleged Conversion of Crystalline Schists into Igneous 
Bocks in County Galway.” By C. Callaway, D.Sc., F.G.S. 

“ A Preliminary Inquiry into the Genesis of the Cr 5 ^ 8 talline 
Schists of the Malvern Hills.” By C. Callaway, D.Sc., F.G.S. 

The following specimens were exhibited : — 

Specimens and photographs to illustrate the latest volcanic erup- 
tion in Northern California and ita peculiar lava, as described by 
J. S. Hiller, Esq., TJ. S- Geological Survey, exhibited by the Presi- 
dent. 

Bocks and microscopic rock -sections, exhibited by Frank Butley, 
Esq., F.G.S., and Dr. C. Callaway, F.G.S., in illustration of their 
papers. 

Photographs of microscopic rock- sections, exhibited by C. Bird, 
Esq., P\G.S., in illustration of Dr. Callaway’s papers. 


A])ril 27, 1887, 

Prof. J. W. Judd, E\B.S., President, in the Chair. 

E\ G. Brook-Fox, Esq., Assoc. Memb. Inst. C.E., Indian Public 
Works Department, care of Messrs. Grindlay, Groom & Co., Bom- 
bay ; and Alfred Woodhouse, Elsq., Barberton, Transvaal, South 
Africa, wore elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were road : — 

1. “ On the London Clay and Bagshot Beds of Aldershot.” By 
H. G. Lyons, Esq., B.E., F.G.S. 


2. Supplementary Note on the Walton Common Section.” By 
W. H. Hudleston, Esq., M.A., F.B.S., Scc.G.S. 
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Specimens were exhibited by W. H. Hudleston, Esq., E.ll.S., Sec. 
G.8., in illustration of his paper. 


May 11, 1887. 

Prof. J. W. Judd, F.K.S., President, in the Chair. 

Hugh Kcr Colville, Esq., Linloy Hall, near Broseley, Shropshire, 
and J. Walter Gregory, Esq., Clare House, Goulton Hoad, Clapton, 
E., were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were road : — 

1. “ Further Observations on llyperodapedon (dordonir By Prof. 
T. H. Huxley, LL.D., F.ll.S., F.G.S. 

2. “ On the Hocks of the Essex Drift.’’ By Hev. A. W. Howe, 
M.A., F.G.S. 

3. “ On Tertiary Cyclostomatous Bryozoa from New Zealand.” 
By Arthur W. Waters, Esq., F.G.S. 

The following sjjecimoiis were exhibited : — 

Casts of sjx)cimens of Hyperodapedon Oordoni^ exhibited by Dr. H. 
Woodward, F.H.S., V.P.G.S., in illustration of Ih’of. Huxley’s pa])ej-. 

Hock-specimens from the Essex Drift and microscopic rock-sec- 
tions, exhibited by the Hev. A. W. Howe, M.A., F.G.S., in illustra- 
tion of his paper. 

S2)ocimens of rocks from the Boulder-clay of Finchley, exhibited 
by H. M. Klaasseii, Esq., F.G.S. 

Photograph of mud volcanos, “ Devil’s Woodyard,” Trinidad, 
exhibited by H. V. Sherring, Esq., F.L.S, 


May 25, 1SS7. 

Prof. J. W. J UDD, F.H.S., President, in the Chair. 

James William Barry, Esq., 97 Lansdowne Hoad, W. ; William 
Fairley, Esq., Hugeley ; and Joseph William Gray, Es(p, Spring Hill, 
Wellington Hoad South, Stockport, were elected Fellows of the 
Society. 
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The List of Donations to the Library was read. 

The following communications were read : — 

1. “On the Remains of Fishes from the Keuper of Warwick and 
Nottingham.’' By E. T Newton, Esq., F.G.S. ; with Notes on 
their Mode of Occurrence by the Rev. P. B. Brodie, M.A., F.G.S., 
and E. Wilson, Esq., F.G.S. 

2. “ Considerations on the Date, Duration, and Conditions of the 
Glacial Period with r('fercnce to the Antiquity of Man.” By Prof. 
Joseph Prestwich, M.A., F.R.S., F.G.S. 

Ji. “ Notes on some Carboniferous Species of Murchisonia in our 
Public Museums.” By Miss Jane Donald. (Communicated by J. G. 
Goodchild, Esq., F.G.S.). 

The following specimens were cxhi!>ited : — 

Spoci- .ms of tislies from the KeujKT near Shrewley, exhibited by 
tbo Rev. P. B. Brodie, F.G.S. ; and sp(‘citnens of the fishes from the 
Keuper near Nottingham, exhibited by E. Wilson, Esq., F.G.S., in 
illustration of the paper by E. T. Newton, Esq., F.G.S. 

Specimen of ChondnMeus acipeiiseroides^ Ag., exhibit(‘d by J. W . 
Davis, Esq., F.G.S. 


.luiie 8, 1887. 

Prof. J. W. Jtjdd, F.R.S., President, in the Chair. 

Edwyn F. Barclay, Esq., 20 Stanhope Gardens, S.W., and Ed- 
ward Bouverie Luxmore, Esq., M.A., Bryn-Asaph, St. Asaph, wen* 
elected Fellows of the Society. 

The List of ].)onations to the lAbrary was read. 

The following names of Fellows of the Society were read out for 
the first time in conformit}^ with the Bye-laws Sec. VI. B, Art. t», 
in consequence of the non-payment of the arrears of their contri- 
butions G. B. Luke, Esq., W. J. Nevill, Esq., N. W. Jtudston- 
Rcad, Esq., F. Warwick, Esq,, Rev. J. McCann, and D. Thomas, Esq, 

The following communications were read : — 

1 . “ A Revision of the Echinoidea, from the Australian Tor- 
tiaries.’' By Prof. P. Martin Duncan, M.B., F.R.S., F.G.S. 
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2. ‘K)n the Jjowor Part of the Upper Cretucooiis Scries in W est 
Suffolk and I^orfolk.” Tiv A. J. Jukes-llrowiio, Esq., IJ.A., F.(!.S., 
and ^\\ Hill, Esq., F.U.S'. 

3. “ On some Occurrences of ricdmontite-schist in Japan.” l^y 
Prof. B. Koto. (Column nicated by Frank llutlcy, Esep, F.C.S.). 


The followinfi; specimens were exhibited : — 

Specimens exhibited by Prof. P. Martin Duncan, M.B., F.U.S., 
F.Ct.S., in illustration of his ])a]H‘r. 

S])ecimens exhibited by A. J. Jukes-Browne, Esq., F.fi.S., and 
W, Hill, Esq., F.O.S., in illustration of their paper. 

Microscopic rock-se(;tions, exhibited by Prof. B. Koto, in illus- 
tration of his paper. 


June 23, 1887. 

Prof. J. W. JtiDD, F.R.S., President, in the Chair. 

Charles James Buckland, Esq., Athenfoum Club, Sydney, and St. 
Sfce])hen’s Club, S.W. ; Henry Itamsay Collins, Esq., Assoc. Mcmb. 
Inst. C.E., Durban, Katal; Joseph Landon, Esq., JVaininj^ Coll(\£>’e, 
Saltley, Birmingham ; Charles Davies Sherborn, Esq., 540 King's 
Hoad, Chelsea, S.W. ; ajid John Udall, Esq., Bed Street Board 
School, Birmingham, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following names of Fellows of the Soci(4y were read out for 
the second time in conformity with the Bye-laws See. VI. B, Art. 0, 
in consequence of the non-payment of the arrears of their contri 
butions : — G. B. Luke, Esq., VV. ,L Novill, Esq., N. W. Hudston-Rcad. 
Esq., F. Warwick, Esq., Jbw. J. M®Caiin, and D. "I'bomas, Esrj. 


The following communications were read : — 

1. “ On Nepheline Rocks in Brazil, with special Refercnco to the 
Association of Phonolite and Fovaito.’’ By Orville A. l)(‘rbv, Es(j., 

F.G.S. 

2. “Hoies on the Metamovpbic Rocks of South Devon.” By Miss 
Catherine A. Raisin, B.Se. (Communicat'd by Prof. T. (1. liomioy, 
D.Sc., LL.D., F.R.S,, V.P G.S.) 



PEOCEEDINGS OF THE GEOLOGICAL SOCIETY, 


91 


3. the Ancient Beacli and Boulders near Braunton and 
CJrovdo in North Devon.” By Prof, T. M‘Keiiny Hughes, M.A., 
F.d.S. 

4. Notes on the Formation of Coal-seams, as suggested by evi- 
dence coll(;cted chiefly in the Leicestersliire and South Derbyshire 
Coal-field.” By W. S. (iresley, Esq., F.Ct.S. 

5. “Note on some Dinosaiiriaii llemaiiis in the Collection of A. 
Leeds, Es(]. Part 1. Orjtifh )psis- L/t iUil . — Part IL. Omosuuras, sj).” 
By L W. ilulke, Esq., F.R.S., F.G.S. 

6. “Notes on some Polyzoa from the Lias.” By Edwin A. Wat- 
ford, Esej., F.(L8. 

7. “ On the Su}>erfi(;ial Geology of the Southeni Portion of the 
Wealden Area.” By J. Yincent Elsdoii, Esq., B.Sc. (Comrnuuicated 
by the President.) 

8. “ Beport on Paheo-botanical Investigations of the Tertiary 
Flora of Australia.” By J)r. Constantin Baron von Ettingshauseu, 
For.Corr.G.S. 

9. “On some new Features in Pelayiechbms coralUniisP By T, 
T. Groom, Esq. (Communicated by Prof. T. M/Kenny Hughes, M.A., 
F.G.8.) 

10. “ On Boulders found in Seams of Coal.” By John Spencer, 
Esq., F.G.S. 


The following specimens were exhibited : — 

Kock-8j)ecimens exhibited by 0. A. Derby, Esq., F.G.S. , in illus- 
tration of bis paper. 

ltock-sj)ecinieus and microscopic sections exhibited by Miss Baisin, 
B.Sc., in illustration of her paj)er. 

Iron model of a boulder, cxliibilcd by Joliii Spencer, Esq., F.G.S., 
in illustration of bis paper. 

Speeimens exbiluted by Edwin A. Walford, Esq., F.G.S., in illus- 
tration of his paper. 


A Special General Meeting was hold, at which the Bcv. G. F. 
Wliidboriie was elected a Alember of the Council, in the room of 
A. Champernowne, Esq., deceased. 
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TO THE 

LlJlKAliY AND MUSEUIiI OF THE GEOLOGICAL SOCIETY. 
Session 188G~87. 


I. ADDITIONS TO THE LIBRABY. 

1. Periodicals and Publications of Learned Societies. 

Fresented hy the respective Societies and Editors, if not otherwise 

stated, 

Acadciuy. Nob. 738-701. 188G. 

. Nos. 705-783. 1887. 

Adelaide. IJoyal Soeioiy of Soiitli Aiisiralia. Transactions and 
Procoodinj^’S and li('])ort. Vol. viii. J8(SL8r). 18(80. 

J. ,1. East. On n Sedioii from tlie Hoad of 8t. Vincent 

CJiilf eastwaid jutoss the and JJol it- Liver Basins, I. — (I. 

Scoular. Past Climatic Chanj^es, with special releivnco to the oceiirreiice 
of a (llacial Epoch in Australia, •>(>. — It. I’ate. J’ost-Mioctnie (limate in 
Soiitli Australia, 4t>. — \V. Ilowehin. (hi the Eossil Eoraminifera from 
the Oov(*nun(‘nt Boring at llerpott, with ;>eneral nmiarhs on the Si'clioii, 
and on other forms of JMicr<izoa. obser\ed therein, 73. — It. 'late. Siipplo- 
mental Notes on the ]hTlli(dminchs of 1h(‘ Oldei' Tertiary of Australia, 
and a desciiplion of a ic'W Species of lUiijoc/tom'Un, t4. — L. Tate. The 
Lanieliibranchs of the Older Tertiary of Australia, Part 1, tM). 

Ap:ram, Sociciiis llistorico-Natural' Croalica. Clasnik. Cudina 1. 
Broj. 1~(). (8vo.) ]88t>. 

D. Oorian()vie-Kraniber(^er. Paheoiehthyolop-iselie Beitriigi*, V22. 

Analyst. Vol. xi. Nos. D^!2-l!^8. iSSth 

A. 1\'YC\ Smith. On llic iMicru-cheinical examination of Crystalline 
Itocks, 131. 

, Vol. xii. ATks. 123-131. 3887. 

Annals <nn<3 jMag'aziiic of N^atiiral History. Ser. 5. Vol. xviii. Nos. 
103 108. 1880. Fiirchas/d. 

11. A, Nicholson. On some m‘w or iniperfeeily-lviiown Spinlos of 
Strmnatoporoids, 8. — II. Banif. On the Oemis J/i/n/ia, 10',).-— 11. B. 
Brady. Note on (Jrbifu/ite^ iUiUca^ Costa, sj). {Orhiitdi/vH lefneisaima, 
(hirpeiiter), 131. — P. M. Duncan. On the (onus llmdid and its Species, 
220. — T. Pnpert Jones and James \V. Kirkhy. N\)t(;s on the Palu'oztiic 
Bivalved Entumostifica, No. XXII., 243. — P. 11. Carpenter. Note on 
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the Structure of Crotalocrinm^ t}07. — R. TI. Traqiiair. On I£ar2}acanfhus, 
a new Genus of Carboniferous Selachian Spines, 41)8. 

Annals and Magazine of Natural History. Sor, 5. Vol. xix. 
Nos. 109-114. 1887. Purchased. 

H. A. Nicliolson. On some new or imperfectly-known Species of 
Stroniatoporoids, ]. — G, It. Vine. Notes on a Species of Pufal<>j>/tora 
from the Neocomiau Clay of J Lincolnshire, 17. — P. II. Carptuiter. The 
Morphology iT Anitdmi rosacea^ 19. — G. J. Iliude. On the Genus llmdia^ 
Duncan, and the Name of its Typical Species, 07. — P. II. Carjionter. The 
Generic l*ositi()n of ^olauocrinus, 8J. — P. M. Duncan and W. P. Shiden. 
On some Points in the Morphoh»gy and Classification of the Saleniidse, 
Agassiz, 1 17. — T. Rupert Jones and Janies W. Kirkby. Notes on the 
Pahcozoic Divalved Kntoinostraca, No. XXIII., 177 ; No. XXIV., 400. — 
P. M. Duncan. A reply to Dr. G. J. lliude’s Communication “On the 
Genus Ilmdiuj Dune., and the name of its Typical Species,” 200. 

Athenaeum (Journal). Nos. 3001-3087. 1886. 

. Nos. 3088-3112. 1887. 

. Parts 702-708. 1886. 

. Parts 709-714. 1887. 

Rarnsloy. Midland Instituto of Mining, Civil, and Mechanical 
Engineers. Transactions. Yol. x. Parts 82-87. 1886 and 

1887. 

R. Gascoyne. On the Eastern Extension of the Leeds and Nottingham 
Coal-field, 250. 

Based. Naturforscheude Gcsellschaft. Yorliandlungon. Tlicil viii. 
Heft 1. 1886. 

V. Gillieron. La fauno des couches a Mytihts consideree comme phase 
indconnue de la trail sfoniialion de formes animal es, 138. 

. 8cln\ eizerische pahioutologisclio Gesollschaft. Abhandlun- 

gcn. Yol. xiii. 1886. 188(i. l^urchased. 

F. Koby. Moiiogriipbie des iiolvpiers juras.siques de la Suisse, 6*' jiartie, 
No. 1. — A. ^Yettst-ein. Uebm* die Fischfaiina des tertiimni Glarnel^sel^^^- 
fers, No. 2. -P. de Loriol et I’Abbe Jknirgeat. Etude stir les mullusques 
de.s couches de \'aliin, No. 8. 

liafh Natural-History and Anticjuarian Field Club. Yol. vi. No. 2. 
1887. 

11. H. \V oodward. Notes on the Geology of Brent Knoll, in Somerset- 
shire, 125. — II. Ik Woodward. Notes on the Ham Hill Stone, 182. 

. Royal Literary and Scientific Institution. 16th Annual 

Report, 1 884. 1885. 

Belfast Natural-History and Philosophical Society. Rejiort and 
l^roeeedings for 1885-86. 18S(). 

W. 11. l‘atterson. The Hislory and Legends of sonn? Irish Lakes, 7. — 
W. Swariston. Important local geological discovery, 18. 

Naturalists^ Field Club. Animal Report and Proceedings. 

1885-86. Series 2. Yol. ii. Part 6. 1887. 
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Berlin. DcutRcho geologische Gescllschaft. Zeitschrift. Band 
xxxviii. llofto 2-4. 1886. 

O. IJerf’udt. Der oberolifrociine Meercssand zwiscbon JOlbo iind Odor, 
— G. J)e Goer, T Joiner oin Oonfrlomerat im IJr^o))ir^o boi WostanS in 
Soli(lnoii, 2i)iK — J. Walthor und P. 8cliirlitz. 8tiidicii ziir Goolofde dos 
(TolfoM von Noapt‘1, 205. — B. Boob. Boitraoe znr KoinilnisH dt'i* Flora des 
RiicbsiHcbon Oligocans, .‘»42. — Walinsohaire. Die Idssai tifi’eii ]bldun{?en 
am Bando doa norddoutaolion Flaohlandes, ^b58. — A. \ . Groddook. Znr 
Kenntnias der Zinnerzla^^eralatten d(\s Mount Bi8cbf>irin Tasiiianien, 6/0. 
— K. Kdlbiiok. Boitriip^e znr Goolofrie der Inatd IslaTid, 670. — C. W. 
Scbinidt. Ilober das (To])ir«'sland von Usamljara, 450.— ,1. ]\ Van 
Calker. AftavrJn/tes sitlr/tfus in Diluvial^osoliit'ben dor Gegond von Nicniw 
Amsterdam, 452.— - Vanbofen. Finitjre I'iir Ostprenssen ikhk^ Gosobk'be, 
454. — Gurioli. ITobor 7>/^^oO//o,sY/?/r//.s 457. — A. Pmiok. Pioobaolitunfron 
iiber den Anfban des Idballuvium bei Ilambnrjr von TTimtii F. Wi« bmaun, 
458. — .7. ]Vlix. Tliitf'rsncdinngen iiber fossile Jliilzer, 486. — IT. Credner. 
.Das “ Tnarine Gl)orolip)oan ’’ von IMarkranstadt bei T.(ei])zi^>‘, 40.6.— (b 
BaniiiK'lsbc'rp:. Felx'r di(‘ (dunniscdie Aatiir des j^bidiaJyts, 407. — C. Bam- 
nielslxn’*;. ]k'itra<j:e znr elK'niiseben Kimnlniss des Vesnvians, 507. — A. 
'Wiebmann. Znr Gc-olo^rie von Nowaja Semlju., 51(). — \N^. Dames. UelxT 
(‘inio-o (Irnslaeeen ans den Kr(‘id('nblag('rnny'en di^s T.ibanon, 557.-- H. 
Credner. Di(‘ Steo-oeepbakni ans deni Ibitldieo-cnidcn d('S Id.nieii’sclien 
Grundesb(‘i Dr(‘sden, vi, 576. — K. (Odieke. IT(4H>r deiy Glanlio]>ban imd 
seine Verlireitnn^^iii Gesteinen,664. — F. (udnitz. U<*ber Asur iind JvaiiK’S 
in IMectklenbni'jr, 654. — F. Bonnn'. Fbdier eiii massenbafti's Voi K’ommen 
von p'ossen Gran at- Krvsl alien im Boden der Stndt Breslan, 726. — G. 
B(»bm. Die Gat1unp:('u l^tchjfnieffahulon und Duvijo, 72'. \V. ]lrnbnis. 

Der Poqdiyritznnfr von Wilsdriilf-Potscbappel, 76(). — b\ Binmn*. Notiz 
liber Bilobilen-iilinliebe als DilnviabG(*sebiebe vorkomnn'nde Kiirper, 762. 
— (b Oebsenins. U(4)<*r das Alter (dniijer 14ieil(‘ der siidanierieanisGieu 
Anden, 766. — J. T. Sterz(}l. Nener Beilrii^^c^ znr Kimiitniss ion Dichno- 
l^h«‘h‘ncti\ Bronj^niart, sp., 776. — F. Xiitlin^. Felx'r die lia^('rnn<xs- 
verbiillnisso oiner quartiiren Fauna im Gebiide des .Tordantbals, 807. — 
F. Niitlin^. blntAvurf eiiier Gliedernnpr d»T J\rt'itlerorinati<»n in Syrien 
nnd Piiliistina, 824.-- K. j’icard. TTi'ber ()])binren ans (ban Oberen iNlns- 
clndkalk bei Seblotb(‘iin in Tliiirinfren, 87<>. — A. von Kb rum. Febt'r ilas 

IMiftel Olijroean von Aarlins, .Jutland, 886. — II. Knniseb. I'olfzid Urap- 
pifzpnsi{^^ nov. s]iee., an.s dtnn Mnselielkalke t )bersebb'si('ns, <S04.— (b 
Seldiiter. ArcJurorpatlius \m riiasiseln'ii Siliir f', 800. — I'b Geinitz. Ans- 
stebeiider olijraciiner Sand in Meeklenbnrg, OK). — (b Oebsenins. I t'ber 
das Anftreten von l*liospliorsaure im Tsatron-8aI])e.terbt;ekiiU \uii C'liile, 
Oil. 


. Gesdlscbaft naturforsclionder Freunde. Sit znngs-Bi'ri elite. 

Jabri;’an" 1 886. 1886. 

Ib KoluMi. Ib'ber Gdiirn nnd Gebor fossiler Croeodilidc'ii, 2, — F. Weiss. 
lTeb<'r8i,ii-illaiien,6. — F. Nbtlinp:. Vorb'p-unp: rini^iri ibs ilrv 1 laiiisehziilme, 
16. — F. Notlin^^ Vorb'e-iin^- von Crust aeernrest i n ans d(‘m olM'roUti'Ociinen 
Sternberirer Gesteiii, 2.2. — W. Dames. Yorlejvnnrr t'ines siiblbssilen Cro- 
codil-IIninorus von INladapisear, 68. — E. Weis.s. Alittlieilnj];i(*ii znr Sipl- 
larien-Frajje, 70. — F. v. Martens. Voiz(*ii^nn{>; von Prof. Sclnveinlurth 
pesammelter snbfossiler SiiaswassiT-Conc-bylien ans dem Fajnm-Beckcn 
in yKgypten, 126. 

. Koniglich-pireussiscbe Akadomie der Wissenschaften. Sit- 

ziingsborichto, 7 886. Tsos. 1-56. 7 886. 

C. BamniLdsberg. IJeber die clieuiisclie Natiir des Eudialyts, 441. — 



ADDITIONS TO THE LTDKARY. 


95 


J. Kiesslinpr. Die Bewegfimg des Kraltatau- Tranches im Soptoniber 
52i). — J. Part-sch. Dericlit liber die wisrieiisehaftliclion baj^ebiiirfse st‘iiu>r 
Keiseii aiif deii Inselii des loiiischeii Meeres, (il-’). — C\ ( u>ttselie. (loolu- 

f ische Skizze von Korea, 8b7. — J. Rotli. Deitrii^^e znr Petrognipliie \()ii 
Lorea, 875, — J. Ilotli. Vulcauisehe Ausbrucli in Nor(l-N(‘U,se(‘laiid, OK). — 
J. Roth. Rrdbeb(‘n in Malta, 04.‘>. — M. WeKsky. Uc'ber Caraeolit end 
Peiwlit, 1045. — A. Arzruni, Mineralogisches aiis deni 8anarka-Gebiet 
im Siid-Ural, 1211, 

Berlin. Kd i li^litdi-prcussische Akademic dor Wissonscliaftcii, 8itz- 

ungsberichto, 1887. Nos, 1-18. 1887. 

. Kiiniglich preussische geologische Landesanstalt und Berg- 

akadoinio. Jahrbuch. 1880-8-4. 1881-85. 

. , Jahrbuc'h fiir das Jalir 1885. (8vo.) 1880. 

Mittbciluiigen aus der Anstalt, vii-xcv.-— A. v^on Groddock. Sludien 
liber Tlioiiseliieler, Gangthonseliierer und SeritdLselihder, 1. — A. voii 
Kiiiieii. U<^ber das Vt'ilialten von Dislokalioiieii iin i\ordwijstliclie)i 
Deutschland, o;!. — H. Jiovetz. Zur ReurtlicHung der beideii Ilaupt- 
Streidiri(d)timge.ii ini siidiJsllichem Thuriugm' WaJde, besondiu's in tier 
Uegeiid voiJ GjaKuithal, 84.-— K. 11. Zinimerniann. Min iieuer Moiioni}- 
arie aus deiu osltliuiliigisclien Zetdislein LichccuKt^^)^ 105. — 

E. \V(ds.s. Untersuclimigeii im Rvbiiiker Stt;inkoli]eJ)gebi(dt‘ ( Iberstdile- 
sioiiM, 120. — K. Walniscliatle. iMittlu-ilungen iiber das Alluvium car 
Ratbi'iiower (b'gtuid, 124. — 11. Ortlie. Uebi'i* Tlialbildung auf der liiikeii 
Rlieinseite, iiisbesondei'i^ iiber die I>i Idling initoni N abet bales, J — 
II. Grebe. Nmieie Beobiiclitiuigen iiber vulkaniseln* J^irscheiniiugen am 
Mosenberg bd Maiidersclieid, bei 1 >iiTe.yb< trn und in d(T Geycuid A'on 
Bertricli, 105. - K. 4\ Jdebe und 10. Zimintirmann. 1 )ie jiingeri'ii Erujitiv- 
gt^bilde im tSiidvvestf'ii Osl ibiiriiigeiis, 178. — K. A. Losseii. ( leologi.-elie 
und p(di‘ogra]»bis(.*be lieilriige zur Ki'uiduis.s de.s I lai ze.s, 1 0 1 . — 1 1. Schroder. 
Ueber zwei ntuie Pund^ujukte niariiHU* Diluvialconcb ylii'ii in Ostpieussen, 
210. —C.E. W(‘i.ss. Gerdlle in und aul der Kidile von SiinnKoblentbitzeu 
besonders in Gberscble.sien, 212. — -W. Iraiitzeii. Die Ents<<'liung der 
Eiisspuppeii in dmi alleren lii.-^sai ligen I’hoiiablagerunpiin des M5n‘ralliales 
])ei Meiniiigen, 257. — J. G. .Dorneinanii. Peitrage zur Kennlniss des 
Muscbelkalks in Tiiiiringen, 207. — F. KlocKiuanii. ( liarakterlsti.'-clie 
Diabas- und Gabbro-Tvjxm unlm* den Jiurddeiit>cb<‘.n Diluvialgescrhieben, 
2>22. — G. Rerejidt. Ge«)gno>li.-clie Sldzze dtu* Gi-geiid von Glogau und 
das TietbolirJoeb iin dortiger Krieg.'.sc.hul(i, 0 17. — G. E. W’ei.ss. Ut-ber due 
Buntsandstdn-Sigillaria und dermi njichste A5‘r\vaiidte, 2>5(>. — 0. \L Weiss. 
Naclitrag zu der .Vbliandliiiig “ Gerdlle in und auf der Koble von St(dn- 
kobleniliitzen, besoiiders in Ober.sdilesien,” 502. — JI. Grtdx', lleber die 
Verbreilung vnlkaniscden Sandes auf den Ilodilbicbeii zu beiden Seiten 
der Alo.sel, 504.— R. Klebs. Ga.stropodon im R.'rnstdii, 5()0. — A. Jentzsdi. 
Das Prolil der Eiseiibalin Rmeiit-Schdneek-lloben.-lein, 505. — A. 
Jentz.scli. Das Jbolil der Eisenbabn Zajonskowo-Lbbau, 424. 

E. Ramann. Der Oitsiein und almlielie Secundiirbildungeii in den 
Diluvial- und Alluvial-Sandeii, 1. 

. Paliiontologischc Abluiiidlungcn. Band iii. Ilcfto 8 & 4. 

1880. PurcJuised. 

F. Erech. Die Gyathophyllideii und Zaphrentiden des dcmtscbeii 
Mittehlevon, 1 ( Heft 5). — J. 1\ Sterzel. Die Flora des Rothliegenden im 
nordwestlichcn Sachsen, 1 (Heft 4). 
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Berlin. Zeitscbrift fiir das Berg-, Hutton- und Salinenwesen im 
preussischen Staate. Band xxxiv. Lief. 3 & 4. 1886. Pre- 

sented hy the Ministry of Piihlic WorTcs, 

Brathuhn. Die Umarbeitung der Oberliarzer Grubenriase, 175. — Grass- 
mann. Das Richelsdorfer Kupfer- und Kobaltwerk in Ilesaon, 195. 
W. Itittershaus. Der Iberger Kalkstoek bei Grund am Harze, 207. 

. . Band xxxiv. Statistische Licferungcn 1-3. 1886. 

. , Band xxxiv. Atlas. Tafeln 1-19. 1886. 

— . . Band XXXV. Lief. 1 & 2. 1887. 

E. Ililgor. Dio Abiagerung dor productivon Stoinlvoblmformation in 
dor Ilorst-RocJdingliau.sener Mulde dos Niodorrlioiniaoh-Woslfaliachon 
St(nnk()blonbo(‘kenft, iinbT beaondorer Heriioksic.btigiing (]«'r neneston Auf- 
acliliiaac d(!r Zoclnm Sclilagol und Eiaon, Evvald, (iraf Bisinaivk, (lonoral 
Dluinontlial und Kiinig Inidwig, 2,0. — E. Gappell. Uobor die Erzfiihriing 
der Obenschlesiscben Trias nordlicb von Tarnowitz, O.S., 99. 

. . Band xxxv. Atlas. Tafeln 1-12. 1887. 

Bern. Schwcizer Alpenclub. Jahrbiich. Jalirgang 21, 1885-86. 
18S(). Also Beilagen. Pnnhascd . 

A. Iltdm. Notizon iibor Wirkungen des Blitzsohlaps auf (b'stoino, 
A. Ford. Los variations poriodicjiu's des glaeku’s di\s Al})s, 258, 

. . . liepertorium und Ortsregistcr. Band i.-xx. 

8vo. 1886. 

Birmingham. Mason Bcicnco (/ollcge. Calendar for the Session 
1886 --87. 1886, 

Birmingham Philosophical Society. Proceedings. Yol. v. Part 1 
(1885-86). 1886. 

0. Davison. On the Existence of Undisturbed Spots in Earthquake- 
slialo'ii Areas, 57. — J. II. Player. Analys(‘S of Basalts, 122. — 11. VY 
(I’osskoy. A5»/e on the Glacial Geology of tlu^ districd aroiiiid Loch 
S\\ een, Argyllshire?, 219. 

Bordeaux. Societe Liimeeime. Actes. Yol. xxxiv. (Sei-. 4, Tome ix.). 

1885. 

E. A, Benoist. Descri]>liou geologiq^io ot pnleontologiqiio des eoui- 
niunes de Saint- Esiephe ot de V(‘rthi-iiil, 79. 201. — hi, A. Ikainist. 
Jhni.sion d(3 la list des especes lossilt‘S, appartenant aux fainilhxs des 
Ihiccmkhe et des trouvees daus l(?s fahins iniocent's dii Sud- 

Ou(‘st, xvi. — E. A. Benoist. Sables eru])tif.s des gravieres <le .MoMn?])OS, 
xxiv. — E. A. Ik’iioist. Coinpte-reiidii geologicpu' dt? rexciirdon triiiu‘s- 
triello faite a Villandrant et. a Balizac, xxxi.- -E. A. Jieiioist. Forage 
d’liii ])uits ail rnoulin de Perron, coiiiinune de Taiiidiras, xxxiii. — Pk A. 
Benoist. Lo puits artesion du Pare Borddas, I. — E. .\. PxMioist. Compte- 
rendu geologique de rexcursion trimestridh^ a Yerthenil, Ixii. 

Boston (Cambridge), American Academy of Arts and Sciences. 
Alemoirs. Centennial vulumc. Yol. xi. Part 4. Nos. 4 & 5. 

1886. 

. . Proceedings. N. S. Yol. xiii. (whole ser. vol. xxi.). 

Part 2. 1886. 

P. NY. Huntington. On the Crystalline Structure of Iron Meteorites, 
4 78. 
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Boston (Cambridge). American Academy of Arts and Sciences. 
Proceedings. N. S. Vol. xiv. (whole sor. vol, xxii.). Part 1. 
1880. 1887. 

0. W. Leighton. Contributions from the Chemical Laboratory of 
Harvard College, 158. 

. Society of Natural History. Memoirs. Yol. iii. Nos. 12 

1886. 

S. 11. Sciidder. The oldest known Insect-larva, Mormolncoiden artivn- 
latuA^ from the Connocticut-Piver Rocks, — S. 11. Scuddcr. Note on 

th(i supposed Myria]iodan Genus Trio/iiulns^ 408. — S. 11. Seuddor. A 
Review of Me,soz( ic Cockroacht^s, 4‘JO. 

Proceedings. Vol. xxiii. Part 2. 1880. 

^I. R. Wadsworth. On the ndation of the KeweonawMn Series'’ to 
tliti k]ast(‘rn Sandstone in the vicinity of Torch Lake, Michigan, 172. — 
]M. K. Wndsworth. The Tla'orios of Ore- Deposits, 107. — M. K. Wads- 
worth. On a supposed Fossil from tlie Copper-hearing Rocks of Lak«‘ 
Superior, 208. 

Brisbane. Acclimatization Society oi Qtieensland. 20th Report, 
1885. 1880. 

Bristol TMnscnm and Librar}'. lO'port of Proceedings at the lOtb 
Anunal Me(ding, hold 21i-h February, 1887. 1887. 

British Association for the Advancenumt of Se'nucc. ILfport of the 
5501 Aleding, ludd at AlxTdocn in S(‘])t(*mh(*r 1885. ISSO). 
,1.1). Fverett. Sevtaiteentli Report of the Coinmit1e(' appointed for the 
purpose of iiivestigatiiig llie Rate of Incnaise of Fndt'rgroimd Tenipeni- 
tnre downwards in various localilii^s of Dry lauid and uiKhn* Wat(a', 0*». — 
T. Rupert . I oiKvs. Third Rejiort of the ( ’onnnidt'e on the Fossil PhyJ- 
lopoda of tie*. Pala'ozoie Rocks, .‘>2r». — .1. MiliK*. Fil'th Report of the 
Committee a]ipointi‘d for the purpose of investigating tln^ Farthquiike 
PluMiornena of .Tapan, ‘i()2. — (h De Ranee, hiloventh Ih'port of the 

Ccmimittei' appoint'd for ]inrpose of invi'stigaling the Circulalioii of 
Underground Wat(‘rs in the Periiieahle Rovmatious of l^lngland and Wali's, 
and the Qiiantily and (diaracter of the Wati'r sn])]>lied t(^ various Towns 
and Districts from tliest* Formations, .*iS2. — IT. .1. .Tohnston-Lavis. lieport 
of th(‘- Committee for tin* I nve>l Ignition of tin' Voleanic Plienoniena of 
Vesuvius, 51)5. — .1. S. Gardner. R,t‘])ort of the Committee on t]i.e Uossil 
Plants of the Tertiary and Sc'condary Reds of tln‘ United Kingdom, 
y-W* To]d«‘y. Iteport of the Ckminiittee appointed for the piiiqiose of 
inquiring into the Rale of Frf)si(m of the S(‘a, -coasts of Fngland and 
Mali's, and ilie Inlluence. of the Arliiicial Al)straction of SJiinglo or other 
material in that action, 404. — G. It. Vine. Report of tlie Coiiiniittce 
appointed for the purpose of reporting on recent lk)]yzoa, 4<'^1. — G. 
Ronnev. Report on tlie Rocks c«41(‘eted by II. 11. .lolinstone, Fsq., from 
the upper part of the Kilima-njaro massif, ()S2. — ( h IMiddrum. l^ihnlar 

Statement of the Dates at which, and tlie Localities where. Pumice or 
Volcanic Dust was seen in the Indian Ocean in I88.‘l-S4, 77-h— W. 
AVhitaker. Tastof Works on the Geology, Mineralogy, and Pakeoniology 
ot Stalford shire, Worcestershire, and Warwicksliire, 7^^0. — A. Ilarker. 
On Slaty Cleavaj ‘ ' ' 
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Hull. Notice of an Outline Geological Map of Lower Eg 3 "pt, Arabia 
Petrsea, and Palestine, lOlS.—E. Hull. On the Occurrence of Lower 
Old lied Oonglomerate in the Promontorj^ of the Faiuid, Nortli DonegaJ, 
1016. — T. G. llonney. On llastite-Serpeiitiiie find Troktolite in Aber- 
deenshire ; with a Note on the Rock of tlie Rlack Dog, 1016. — W. Ivisoii 
Macadam. On certain Diatomaceoiis Deposits (Diatomite) from the Peat 
of Aberdeenshire, 1017. — T. Aiidei son. The Volcanoes of Auvergne, 1017. 
— It. L. Plajdair. On the Ite-diseovery of lost Nninidian Marbh^s in 
Algeria and Tunis, lOlK — W. Watson. The Oliasin called the Jllack 
Hock of Kiltearn, lOIK — J. Davidson. The Pass of Inverurie, a frag- 
ment of an ancient Alluvial Red, 1010. —If. ('urvill JiOwis. The direction 
of Glaciation as ascertained by the Form of tin* Strim, 1010. — W. F. 
Stan]( 3 y. l*ropo.S(‘d Conditions to account for a former Glacial Period in 
Great Dritain, existing under similar meteorological conditions to those 
that rule at tlje present time, lOid).- II. Ilh^ks. (hi the bynnon Deiino 

and (Jao Gwyn llone-CaM?s, Nortli Wales, 1021. J. G. Pliiliips. The 

Elgin Sandstones, 102M. — It. H. Trarpmir. PreliminaiT Note on a new 
Fossil Jteptile recently discovered at New Spyni(‘, near Elgin, 102o. — (.■. 
Jjapwortli. The Jligdiland Controviirs^' in Diitisli Geology ; its Causes, 
(huirse, and (hinsiajiiences, 1025. — H. N. Peaeli and J. Horne, The 
Geology of Durness and bhiboll, with special rtderence to the Highland 
Controv('r.s,v, 1027. — T. G. Doinuiv. Pniiininarv Note on some Trav(U*ses 
of the ( hystalline District of the ( 'eiitral Al})s, 1027. — H. C. Lewis. Some 
Examples of Pressman- Fluxion in Pennsylvania, 1020. — J. Gnnn. (hi 
Rocks of (Joniral Caithness, KKiO. — A. llcMiard. On some Roek-Speci- 
inens from the Islands of tlie Fi^rnaiido Noion ha, Group, 1001 . — E. Hill. 
On th(} Avi'rage D»'nsily of Meteoiitcs compared with tliat of tlu^ Kartli, 
10.01. — Jl. Ihummonil, Notes on a recont Examination of the Geoh/gy 
of East Central Africa, 1002. — M. Schuster. Some Desiilts of the Cry- 
stnllographic Study^ of Danbiiiiti^, 10.00, — Sir It. Owen. Ameiicjin Evi- 
dences of Jioci'iie IMannnals of the ‘MMastic. (Oay'’ Ihuiod, 10.‘*0. — H. 
Miller. Some Results of a detailed Surviy nf the, Old Cm ) ast -lines ne.av 
''rrondhjem, Norway, KhO-O. — .1. .Mehin. The PanilhO Roads of Loeluiber, 
100.5. — 1>. N. Pencil and ,T. Home. Eurtluo- bAidenee* of the Extensi(/n 
of the Ice in tlie Noilli S(‘a during the Glacial Peri( d, 1000. - 1 1. M. 
Cad(3ll. Rec<'nt .\d\anc('s in West Lothian Geology, 10.07. — J'\ C0 (An<s. 
Dariiim Sulpliate as a (Ounenting IMateriid in Saiidsione, 10.08. — A. C. G. 
Cameron. Noti‘s on Fuller’s b'artli and its apjdieations, 1000. ~J. (0 How- 
den. On tli(‘ Glacifil Deposits at Montrose, 1010. — A. Ross. Notes on lht‘ 
Rocks of 8l. Kilda, 1010. — W. Wliitukfu*. On Deep Roring-s at (Oiatliani : 
a. Contribution to tlu3 l)('ep-s(!at<*d Geology of the London Ra.sin, 1041, — 
W. Whitaluu’. On the Wat('iwv(»rks at Goldstoiic Rond, RrigliR n, 1041. 
— O. (\ Marsh. On the Size of the Drain in blxlinct .Vninuils, lOOo. — 
D’Arcy W. 44ioin]ison. On the Hind Tdinb of Ichthymsaiivus and on the 
Morphology of Vertebrate Appendages, 1005.- J']. Hull. On the Origin 
of the Fishes of the Sea of Galilee, 106 h — E. lliill. On tlie Cause of the 
Extreme Dis.siniilarity of tlie Eai.nas of tlie Rod Sea and M(*dit<Tran(*an, 
1008. — T. AVilson. A new Cav(‘-JMaii of Mentone, 1218. — W. IVmgelty. 
Happaway Cavern, Torquay, 1210. 

Brussels. Musee Royal d’llistoiro Naturollo de Belgique. Bulletin. 
Tome iv. Nos. 2-4. 1886. 

P. Pelseueer. Notice sur uu Criistacti des sabh'S verts de Grandpr<5, 47. 
— A. Riitot. La tranehee de Ilainiu, 61. — L. Dollo. Premiere Note sur 
los Ch6ioniens du Druxellieii (eocene moyen) de la Ik‘lgique, 75. — L. 
Dollo. l*iemier(‘ Note sur le.s Chedoniens land(niiens (eocene infdricur) de 
la Belgique, 120. — P. l*eiseueer. Notice sur les Crustacea ddcapodes du 
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Maestriclitien du Limbourg, 161. — A. Benard. Notice siir la g^ologie de 
Tile de Kerguelen, 228. — 0. Klement. Notice sur la composition chimique 
de la m6t6orite de Saint-Denis- Weslrem (Flandro orientale), 278. 

Brussels. Societe Boyale Malacologiqiie do Belgique. Annales. 
Tome XX. (Sor. 3, Tome v.) 1885. 1886. 

Mhnoires. 

F. Tj. CoriK't. Sur une coupe observee a Mesvin daiivS le terrain quater- 
naire, 8. — lil. Delvaux. Epoque quateruaire— Quelques mots sur le grand 
bloc (‘iTatiquc d’OiuEuiboscdi, pres de Breda, et surlti depot de roclies gra- 
nitiques scandinavos docouvert dans la r«5giou, 6. — E. D(dvaux. Note 
suceincto sur Tcixcursion de la Societe geologiquc de B(dgique a Spa, 
Stavelot et Lainmersdorr, 15. — A. Biitot. Sur le t(*rrain quaternaire des 
environs de lM<uis, 24. — 1^. Foresti. Note sur le sous-gonre tSmefidoria, 
Tournoutu’ (1<SS2), 27. — A. Meunier et Ed. IVrgt'iis. Nouveaux Bryozo- 
aires dii Crdtacio Snperi(air, 82. — A, Nobre. Catalogue des Moilusques 
des environs de Coiuibrc (Portugal), 45. 

IhiUetin. 

O. Van Erlborn et P, Cogels. Note sur les consequences de certaines 
erreurs d’interprcltation au point de vuo geologiqiuq vii, xix. — E. Van den 
Broi'ck. Beponse a la note de MM. Van J^ktborn et P. (^)gels, x, xxii. — 
A. iiutot. (Quelques mots sur I’etage Assebien, xiii. — J<1. Van den Broeck. 
Do la constitution goologique du territoire de la l(niille d ’Aerschot, 
d’apres la carte «‘ni 1 : 20, (KM) de MM Ertborn et Cogels, et d’apres l(*s 
lev(\s du service otUciel, lix. — E. L. Cornet. Note sur ctiuix gisemenls d(‘S 
sables et argiles d’llautrages, Ixxiii. — A. Butot. Sur les requitals de 
r^tudo des eiages Laiidtuiitni et JJ<‘-ersi(‘U sur les feiiilles do Eanden, 
Saiiit-'li ond et I leers, Ixxv. — A. Butot et 10. Van den Broeck. Note sur 
la nouvelle classification du terrain quaternaire dans la basso et dans la 
moyenne Belgique, Ixxviii. — A. Butot (*t E. Van den Broeck. NoOi })re- 
liminaire sur rfige des diverscs coucIu'S (amroudin^s ^ous le nom deTuteau 
do Ciplv, xciii. — F. L. (\)niet et A. Briart.-- Sur ITige du lut'eau do Cipl v, 
c. — A. Butot (‘t E. Van den Broeck. Sur IVigo tertiairo du tufeau do 
Ciplv, cviii, cxiii. 

. . Proces-Verbaiix des Seances. Tome xv. 1886 87. 

Pp. i-cxliii. 18vS6 87. 

A. Briart 1 1 11. Cr()ss(\ Ba]>port sur ‘^Catalogue des coquilles fnssibNS 
de Teocene des environs do Paris,” v. — E, Van den Pwoeck. Not(i sur uin^ 
observation faite, a Sebriek (EVuille d’TI(;yst-o])-den-B('rg) montrant, 
contrjiirement aux l^evds (j!eob)giqiios de MJM. Van Ertborn et Cog(ds, 
rabs(‘))ce d’Eoceiio Weinmelieii dans le t(‘rritoiie de la Feuille d’Heyst- 
o}»-den-B(!rg, x. — P. Cogels el O. Van Ertborn. Ik' la limite meridioiiale 
de I’argile de Boom sur la ])bincbe d’llevM.'Op-d“n-B<n‘g, xvi. — 1*. (k>ge!s 
et O. Van Ertborn. Contribution ja I’etude des terrains quaternaires, xxiii. 
— E. Van den Broeck. (^ladque.s mots on reptuis*' aux lectures faitea par 
MM. (V)gels et ^'an Ei tborn, xxxviii. — O. Van Ertborn. Ia^s coupes et la 
valour scieutitique d(!S (Scljantillons de quelques puits artesious, iN:c., 
xiv. — ,T. Lori(i. Note sur le forage d’Arnbem, xliv. — P. Cogels otO. Van 
Eb’tborn. De I’lidVabeersien et du niveau occupe par le cretacti sur le 
territoire de la feuille de Bilaen, lix. — I*. Cogeds et (). Van Eb tborn. Note 
sur un gisement de hois de Rennes incisds par I’lloinine dans les argik'S 
quaternaires do la Campine, ci. — (1. Vincent. Note sur un gite fossilifere 
quaternaire observd a Veeweyde, pres do Duysbourg, exxiv. — D. Baey- 
maekers. Sur la presence de fossiles tougriens tiuvio-marius sur la plau- 
chette de Louvain^ exxvi. 
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Buckhiirst Hill. Essex Field Club. Transactions. Yol. iv. Part if 
(1880). 1880. 

W. Whitaker. Some Essex Well-Sections, 140. 

. . Essex Naturalist (continuation of above). 1887. 

Nos. 1-4. 1887. 

T. V. Holmes. On the Subsidence at Lcxchm, near Ool chest (u', 1. — 
W, G. Smith. Primmval Man in the Valley of the Lea, 00, 80. — O. Fisher. 
On the Subsidence at Lexden, near Colchester, in 18(>2, 00. 

Buda Pest. Magyar P'oldtani Tarsulat. (Ungarischc gcologische 
Gosellscbaft. Gcologische Mi ttlioil ungen.) Foldtani Ko/Jony. 
Kotet XV. Fuzet 0-12 (1885). 1885. 

J. Bockh. A. m. Kir. Foldtani Tntezet ^vi jelentese 1884-rol, 217. — ; 
J. Matyasovszky. A Kezhegyseg E Ny-i v^gen, a Nagy-Barod ds Felsd- 
Darna kozdtt eszkdzdlt rdszletes folvetelrbl, 240. — L. Ldezy. A Mavos es 
a Fehdr-Kdrds Kdzdtti liegyvideken eszkdzdlt foldtani rdszletes fdlvetrdl, 
250. — G. Pethd. A Lippa-Odvos. Kdnop kdrnydki krdtateriiletrdl, 200. — 
G. Pethd. Baltavjir dsernloseirdl, 270. — A. Koch. A gyaliii havasok fi-i 
szeldn, Kalotaszegben ds a Vlegya««za heg\'sqgben vegzett reszlctes fiildtani 
felvetelrcil, 284. — L. Both. A Bozovicstol E-ra fekvo hegysegresz Krassd- 
Sz()ren 5 miegydben, 200. — G. Ilalavats. Az Oravic^za-Itoinan-Bogsan kdr- 
nyeken eszkdztilt rdszletes foldtani fulvetolriil, 010. — F. Sednifarzik. Me- 
hadia ds TTerkiiles-fiirdd kornyeke Krassd-Szdrenymc^gydben, 0)24. — A. 
Gesell. A Sebceezbanya ds Szelakna kornyeken eszkdzdlt reszletes banya- 
geologiai fdlvdtelekrdl, 005. — J. Bdckb. Jahresbericlit der Kon. ungor. 
geologiscb(‘n Anstalt fiir 1884, 000. — J. v. Matyasovszky. Utiber die 
geologischo Detailaufnalime am Nordwest-Endc des lldzgebirges, in don 
(.legend zwisclien Nagy-Bardd und Folsd-Derna, 420. — L. v. Ldezy. 
Ueber die im Sommer des Jabres 1884 in dor Gebirgsgegend zwischen dor 
Maros und Febdr-KTuHis ausgefiihrten geologisclum 8p(‘cial-Aufnabm(m, 
427. — J. Petlid. Ueber das Kreide-Gebiet zwisclnm lip])a, Gdvos und 
Konop, 440. — J. Pethd. Ueber die tertiiireii Siiugethior-Ueberroste von 
Baltavar, 455. — A. Koch. Ueber die am llande d(\s Gyaluer Hochge- 
birges, in der Kulotaszeg und im Vlegyaaza-Gt‘birge im Sommer 1884 
ausgefiihrte geolog. Specialaufuabme,4t)5. — L. Both. Ueber den Gebirgs- 
tbeil luirdlich von Bozovics, im Comitate Krassji-Sziirdiiy, 470.- .1. Ilala- 
vats. Uebei' die im .Tabre 18S4 in der Ilmgebung yon ()iavicza-Boinan- 
Bogsan diircbgefiihrto geology Specialaiifnabme, 500. — F. Sebnfarzik. 
Ueber das ( b'birge zwisclie Mebadia umi *lerkulesbad im Coinitat(; Krassd- 
Szdreny, 512. — A. Ge.sell. Ueber die geologischeii DctailaiifriahiiKm in 
der Umgeibung von Schemnitz und Windsch.acht, 525. — T. Szontagli. 
I’etrograpliiscbe Beschreibiing von Gcateineii aus dem Sohler (Jomilate im 
ncirdlicben Ungarn, 540. — 1j. Both. Gekrilztes (T(‘schi(d)e von der Siid- 
seite der JIolien-l'atTa, 557. — L. Both. Spiiren einstiger Gletsclier in der 
Niedereii-Tiitra, 55cS. 

. . ( .) . Kutet xvi. Fuzet 1 & 2 (1880). 

1886. 

J. Szabo. Elnciki megnyit<> beszdd a magyarlioni Foldtani Tarsulat 
Kdzgyuldsdn 1880 januar .jO-an, 1. — V. Wartha. A szorpentin-cblorid- 
csoport asvauyaiiv)], 7. — A. Kalecsinszky. Kdzlemenyek a magyar kir. 
foldtani intezol cbemiai laboratorimnabdl, 12. — .1. »Szabo. .Tekntds a 
harmadik nemzetkozi geologiai kongresszusrdl Bt*rlinben 1885, 17. — G. 
Teglas. Il^^jabb adatok az erdclyi medeneze dsemldseihez, 09. — G. Pethd. 
Sness eldadasa a siijto Idyrdl, 44. — V.Waitha. Ueber die Mineralien der 
Serpentin-Chlorit^Gruppe, 70. — A. Kalecsinszky. Mittli(dlungcn aus dem 
cliemischeu Laboratorium der kdn. img. geologischen Anstalt, 84. 
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Buda Pest. Magyar Fdldtani Tarsulat. (Ungariaclio goologischo 
CTCsellschaft. (joologisoho Mittheilungen.) Foldtaiii Kiizluny. 
Kotct xvi. Fiizet 7-12 (ISSO). ]8S(). 

F. Schafarzik. Level a Kaukazus videkeriil, 209. — J. Biidai, A per- 
sanvi keg 3 \‘it'‘g masodkori eruptiv ktizetei, 211. — Tj. Cseli. Avihnyei O- 
Antaltarna banyalelep fcildtani viszom^ai, 224. -~J. llalavats. i\iagva- 
rovf^zagi Valeiieienuesiak, 227. — F. Scliafarzik. Jin(4lielic Mittlieiluug 
aus deni Kaukasus, 257. — J. Budai. Die secondaren l^kaiptivgesteinei 
des J^ersanyer Gebirges, 259. — L. Cseh. Die geologisclieii Verbaltnisse 
der Alt-Antons^lollner Bergbandlung in Vihiyye, 274. — J. llalavats. 
Valoncieniiesia in der fossileii Fauna Ungarns, 279. — 8. Soiiinidt. J^evel 
a Szerkesztokhbz, 805. — G. Prmiics. Vaskos kvarczfdlelc eldfordiilasa 
Tekcrdn, 808. — F. Jablonszky. A jablonkai tdzegokrol, 814. — P. Bzokol. 
Valasz Dr. Schafarzik Fcrencz urnak, 820. — F. Schafarzik. A pi^opylit 
kerdes^riil, 822. — G. I’riniics. Das Vorkommen der derben Quarzyarie- 
taten bei Tekerd, 247. — F. Jablonszky. Die Torfmoore von Jablouka, 
854. — P. Szokol. Erwiederung, 857. — T. Scliabirzik. Ueber die Propy- 
lite-Frage, 358. 

. Magyar Xiraljd. Foldtani Tntczet. (Koniglich-ungarische 

gcologisehc Anstalt) Mittheilungen aus dem J ahrbuch. Band vii. 
Heft 5. 1880. 

A. Gesell. Geologiscbe Verlialtnisse doa Steinsalzbergbaugebitites von 
Sodvar niit riicksicht auf die wiederdlfniiiig der ertrankteii Steinsalz- 
grube, 105. 

. . . Band viii. Heft 1. 1880. 

E. flerbicli. Paliioiitologiscbe Htudien iiber die Kalkklippon des sie- 
boiibiirgis(dien Erzgebirges, 1. 

, . Band viii. Heft 4. 1887. 

J. llalavats. Palaontologiselu^ Daten ziir Kenntniss der Fauna der 
Siidiingarischen Neogeii-Ablageriingen, 125. 

^ , Kiadvanyai. Konyv-es Terkeptaranak. I. Pot- 

czinijt^gyzekc. (Erstor Nachtrag /Aim Katalog der Bibliotluik und 
allg. Kartensammlung.) 1880. 

. . A Magyar Kirahd Fdldtani Tntezet es ennek Kial- 

litasi Targyai, az 1885, t^vi Budapesti Altalaiuis Kiollitas 
Alkalinabdl, dsszeallitolta Bdckh Janos, 8vo. 1885. 

. Ivon. nng. geologiscbe Anstalt. Die kiiniglieh-ungarische 

geologische Anstalt und dereii Ausstelluiigs-Objecte zu der 
1885 in Biidap<\st abgolialtenen allgOTnoiiien Ausstellung, 

zusamrnengestellt von Johann Bdckh. 8vo. 1885. 

Buenos Aires. Academia jS^acioual de Oiencias en Cordoba. Actas. 
Tomo iv. Entrega 1. 1882. 

. . Boletin. Tomo v. Entregas 1 & 2. 1 888. 

F. Aniegbino. tSobre iina colcccion de uiaiuiforos fdsilus del piso nieso- 
potainico de la foririacion patag<3nica reengido.s, eii las barrancas tld Parana 
por el Profesor Pedro Scalabrini, 101. — L. Brackebuscli. Viaje a la 
Provincia de Jujuy, 185. 

. . . Tomo viii. Entrega 4a. 1886. 
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Buenos Aires. Sociedad Cientifica Argentina, Anales. Tomo xxi. 
Eutregas 3 & 4. 1886. 

, . Tomo xxii. Entrcgas 1-6. 1886. ^ 

P. N. Arata. Contribuciones al conocimento higienico de la eiudad do 
Buenos Aires, 6. — J. J. J. Kyle. El oro del Cabo Virgenes, 75. 

. . . Tomoxxiii. Entrega8l&2. 1887. 

J. Llerena. Un ensayo sobre la bistoria geologica de las Pampas 
Argentiiias, 34. 

Calcutta. Asiatic Sociofy of Bengal. Journal. N.S. Yol. liii. 
Part 2. Ko. 4 (1884). 1887. 

. . . K.S. Yol.lv. Part 2. No. 1-3 (1886). 

1886-87. 

. . Proceedings. Nos. 1-10 (1886). 1887. 

. . . No. 1 (1887). 1887. 

Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Annual lleport for 1885-86. 1886. 

. . Bulletin. Yol. xii. Nos. 5 & 6. 1886, 

. . . Yol. xiii. Nos. 1 & 2, 1886. 

Cambridge Pliilosoi>hical Society. Proceedings. Yol. v. Part 6. 
1 88(). 

II. (ladow. On some Oaves in Portugal, 381. 

Proceedings. Yol. vi. Part 1. 1887. 

(). Fislnu’. An altt'Uipl to (‘xjdain cerlain Oeologiciil I’luniomena by 
tlie npplkailioii to a liquid substrjiUim of Henry’s JjUw of Absoipliuu of 
Gases, 16. 

. Transactions. Yol. xiv. Part 2. 1887. 

Carlisle. Cumberland and AVostmoreland Association for the Ad- 
vancenieiit of Literature and Science. Transactions. No. 1 1. 
(1885-86). ]88(). 

J. Postletliwaite. The Mineral Springs ntuxr K(‘s^^o*ck, 112. 

Catania. Accademia Gioeuia di Scieiizo Natural!. Atti. Serie 3. 
Tome xix. 188(). 

L. Licciardi. Bictaclie cliiiniclie sulle rocce vnlcanicbo dei dintorni 
di lloina, 177. — A. Silvestri. iNJunograliu cliinii{\‘i wulla surgente dGl’ 
acqiia potabile detta Jleitana presso Aci-lieale, 226, 

Chemical News. N os. 1387 - 1 4 1 5. 1886. 

. Nos. 1416-1438. 1887. 

Chemical Society. Abstracts of the Proceedings. Nos. 24-30. 
1886. 

. . Nos. 31-39. 1887. 

Journal. Nos. 284-289. 1886. 

. Nos. 290-295. 1887. 
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Chemical Society. Abstracts of the Proceedings. Supplementary 
umber (1886). Vols. xlix. & 1. 1886. 

Chesterfield. Chesterfield and Midland Counties (late Chesterfield 
and Derbyshire) Institution of Engineers. Transactions. 
Yol. xiv. Part 2. 1885. 

Chicago Academy of Science. Bulletin. Yol. 1. No. 9. 1886. 

Presented hy Sir W. Dawson, FJl.S., F.G.S. 

Sir W. Dawson. On Khizocarps in the Erian (Devonian) Period in 
America, 105. 

Colliery Ouardian. Nos. 1330-1357. 1886. 

. Nos. 1358-1381. 1887. 

Copenliagen. Kongelige Darishe Yidenskabernos SeLskab. Natur- 
videiiskabelige og Matbeniatiske Afliandlingor. Ka;kke vi. 

Bind 2. Nos. 8-Jl. 1885-86. 

. . lliekke vi. Bind 3. Nos. 2 & 4. 1885-86. 

. . . Bu'kko vi. Bind 4. Nos. 1 & 3. 1886-87. 

, , Oversigt. 1885. No. 3. 1886. 

. . . 1886. Nos. 1-3. 1886. 

. . . 1887. No. 1. 1887. 

Cracow. Akadomija Urniojetnocsi w Krakowio. Sprawozdanie 
Komisyi .Fizyjograficznej. Tomo xx. 188(). 

A. M. Loinniflii. Stodkowodny utwdr brzociorzediiy na Podoln 
galicyjskieni, Cwesc, II., 48. 

Darmstadt. Yerein fiir Erdkundc zu Darmstadt, nnd Mittelrlioin- 
is(dio geologisclie Yerein. Notizldatt. 4 Eolge. 6 JLeft. 
1885. 

. . . 4 Eolge. 7 Heft. 1 886. 

O. Ihitigor. Die jillalluvinli'. MollusKciifanna des (irossen Brnelis be.i 
Traisa, 1^'ov. Starkenburg, 1. — O. Botlgor. None Paliidiiieii aus (b in 
INIainzer Becken, 7. 

Davenport Academy of Nalural Sciences. Proceedings. Yol. iv. 
1882-84. 1886. 

C. Waclisiniith. On a now (Jenus and Spoo.ios of Blastoids, with obsor- 
vaiions upon the Structure of tlie Basal J*lat(;s iu Cudm^fer and Penfre- 
onifes. 76. — Yk II, Harris. 1 >escriptions of sonic lU'W Blasloids from tlie 
ITiiiinllon (xronp, 8S. — (k Waclisnintli. J)escrii)ti()n of a new (b’iiHiid 
from tb(‘ 1 fainiltoii Oronp of Micldg.in, 05. - \V. ll. I larris. l>escription8 
of some new Criuoids from the Hamilton (Iroup, 68. 

Dresden ((Jassel). Kdnigliclies mineralogiscli-geologischcs nnd pra>- 
bistorisches Musenin in Dresden. Mittlieiliingen. Heft vii. 
(4 to.) 1880. Presented hy Dr. II, B. Geiniiz, F.M.G.S., 
Director. 

J. Y. Deiclimiiller. Die Insecteii aus dem lithographisclien Scliiefer 
ill! Dresdeiier Museum, 1. 



104 ADDITIONS TO THE IJBIURT. 

Dresden. Naturwissonschaftlicho Gcsellsobaft Isis. Sitzungsbericlite 
und Abbandlungen, 1880. Jan.-Dcc., 1880-87. 

Ahhandlunyen. 

F. E. Geinitz. IJeber einigeLansitzer Porpbyre imd Griiiisieine sowie 
den Easalt aua dem Stolpeiier ScblosHbruniieii, 10. — E. Danzig. 

ungen iiber das Diluvium innerbalb des Zittauer Quadergebirges, — 
A. Purgold. Eiiiige regelmassige Verwacbsungen dos Kolhgiltenerzes, 
68. — 3^1 Danzig. Weiterc Mittlicllungen iiber die Granite und Giieisse 
der Oberlausitz und des angrenzenden JJdbmens, 67. — J. V. DeicbinuUer. 
Die Meteoriten des kdniglicben mineralogiscben Museums in Dresden, 
92. 

Dublin. Koj^al Geological Society of Ireland. Journal. Vol. xvii. 
(N. S. Yol. vii.) Part 1. 1880. 

G. 11. Kiuahan. Notes on tbe Apatite of Bucldngbam, Ottawa County, 
1. — Q. II. Kinabau. Canadian Arcluean, or Pre-Cambrian Pocks; with 
a Comparison with some of the Irish IVJetaraorpbic Docks, 6. — (t. II. 
Kiuahan. Notes on the Co.al Seams of the Leinster and Tip])erary Coal- 
fields, 20 — 1\'. 11. Daily. On Trilo})ite8 and other Fossils, from Lower 
or Canibro- Silurian Strata, in the Giuinty of Clare, 29. — W. J. Sollas, 
On the Physical Characters of (hili^aiM'Oiis and Siliceous Sponge-Spiciih\s 
and other Structures, 80. — V. Dali. On the lu'^vly discovfu’ial Sa]>phire 
Mines in tin* Himalayas, 49. — D. II. Mullen. On a .^et of Musical Stones 
in the Science and Art Museum, Dublin, 62. — \V. J. Sollas. Onallex- 
actinellid S])onge from the Gault., and a Litnistid from the Jjias of Eng- 
land, 67. — .1. P. O’lbnlly. On la? llossi’s Sdsuucal and Endodynamical 
Ma.]) of Italy, 01. — J. P. O’Peilly. On the OccurreiKa; of P>eryl witli 
Schorl in Ghujculleii Valley, 09. — \V. II. Daily. On a New Sp(‘cies of 
OnyjdioerhiHi^ (Pejitnmrittis) in Carboniferous Limestone, (h). l)ii])Iin, 
also Peinarks U])on Cocla.dvr tHlohataa (McCoy) from Car]jf)niiert>us 
Limestones, Co. Kilkcnney, 71. — E. Jtull. On the Occurrence of an 
Outlying Mass of Supj.osed Jjower Old Ped Sandstone and Conglomerate 
in the Iboinontory of Fanad, County Donegal, 74. 

. A'^ol. xviii. (N. S. Yol. viii.) Part 1. 1887. 
G. 11. Kinahaii. Economic Getdogy of Ireland, 1. 

Doyal Irish Academy. Cui 'diigbam Memoirs. Nos. 2. 
and 8. 1880. (4to.) 

, . Proceedings. Scr. 2. Yol. ii. No. 7. Polite 

Literature and Antiquities. I S<S0. 

VC. J. Knowles. FJijit Implemeiits ii-om the North-east of Ireland, 
480. 


. . . Scr. 2. Yol. iv. No. 5. Science. 1880. 

. . Transactions. Yol. xxvii. Polite Literature and 

Antiquities. Parts 0-8. 1885-80. 

. , Yol. xxviii. Science. Parts 11-25. 1885- 

1880. 

J. P. O Keilly. Alidiabelical Catalogue td the h:artlirp takes recorded 
as having occurred in bkirojie and adjacent Countries, arranged to serve 
ns a basis for an Earthquake Map of Europe, 489. 
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East-lndia Association. Journal. Yol. xviii. No. 5 & G. 188G. 
. . Yol. xix. Nos. 1-4. 1887. 

Edinburgh. Geological Society. Transactions. Sessions 1884-85, 
1885-SG. Yol. V. Part 2. 1887. 

J). Milne-llome. Inaugural Address, 1881-85, 171. — It. IticLardsou, 
Itcport on the Montreal Meeting of the British Association, 181. — G. 
Lindstrdin. Preliminary Notice on a Silurian Scorpion {Pakeophomis 
rmnciufi^ Torell and Lindstrdm), from the Isle of Gotlilaud, 184.- J. K. 
8. Hunter. Notes on a new Fossil Scorpion {Pakfophonus caledomcvs)^ 
from the Upper Silurian Sha^ 'S, Logan Water, Lesmahagow, 187. — W. 
Eergus(m. Notices of some Iron Ore Deposits in Aberdeenshire and 
Banllsliire, 102. — J. Eeid. Notes on the Origin and Development of 
Granitic and other allied Yarieties of Crystalline Docks. 190. — H. 
Kichardson. On Canadian and Scottish Glacial Geology, 205. — It. 
lliclnirdsou. Notice of Tlui Gled Stane^’ and othtu’ Boulders near 
Pitlochry, Perthshire, 21G. — W. T. Kinnear. On the Occurrence and 
llange of Beds containing Scorpion remains in the (^irboniferous Bocks 
of Fife, 21(). — G. II. Kinahan. The Terraces oi‘ the (ireat American 
Lakes and the Loads of Glenroy, 221. — T. J). Wallace. Thtj Geology of 
the Parish of Ivirkhill and tlie Aird,” luy(‘rnes8-:!hire, 224. — W. Morri- 
son. Pivcambviaii Conglomerate of Lewis, 2-15. — B, Bichardson. 
(dosing Address, Sossiou "*88-* 85, 24.‘J. — B. Bichardson. Inaugural 
Addn'ss, Sf^ssion 1885- 240. — J. Melvin. On the Parallel Boads of 

Lochaher, 2()8. — W. Morrison. Terraces at Achnasheen, 275. — W. An- 
derson. N\)le on the Occurrence, of a new Sp«*cies of Carboniferous 
Crustacean at Ardross, near lillie, Fift‘, 280. — A. Johnstone. On the 
Action of (hirhonic Acid Water on Minerals and Bocks, 282. — 11. Jiink. 
Itesiilts of the Becent J Danish Explorations in Greenland, with regard to 
the Inland Ice (1870 to 18841, 280. — J. Simpson. Oji Beindeer and otlior 
INlainmalian Bones disco ven'd by Mr. Maclie of Dregliorn in a Bock-iissure 
al Grt'en Glraig, Pentland Hills, 20-1. — %1. Henderson. On Beindeer and 
otluT Arammaliaii Beinains from the Penliand Hills, 502. — W. J. Mac- 
adam, Exhibition of, and iiot(‘.s on, Specinnais of Bed-detn* Horns from 
the Sand Dt^]H)sits at the Alouth of the Nith, Diindriesshire, 505.^ — 
Bonianis. Notes on U])per Burma, 500. — A. Soinervail. Notes on the 
Archa'an Gneiss of Boss and Sutherland, 507. — W. Anderson. Not(*s on 
the Fislj L’eniains from the Bone Bed at Ahdeii, near Kinghorn, I’ife, with 
reiiiarks by Dr. B. 11. Tra(pmir, 510. — W. J. JMaeadam. Notice of a ni'W 
Fossil il'erous Bed in the Island of Arran, 51(>. - J. S. (_J. Wilson and W. 
J. Macadam. Diatoniaceous Deposits in Skye, 5> 18. — J). Cameron, (loo- 
logical Obst‘rvation.s on lllasfer Boss, Moy and (k'dggie, and Athole, 550. 
- — I). ('aiin.'roM. Tlie GeiJogv of Fearn and Tarbat, 5.50. — A. M‘Cbar]cs. 
Notes on the Geology of the Wiinjip(‘g District, Alanitoba, 551. 

. Boyal Physical Society. Proceedings. Session 1885-8G. 

1880 . 

B. N. Ik'ach. Opening Address by the President, 1. — U. Kidston. 
On the Species of the (ieiiiis Pahooxyrisy Broiigniart, (K-ciirring iji Britisli 
(5arboniterons Bocks, 54. — James Bennie and It. Kidston. On the Oc- 
currence of Spores in the CarhoJiiferous Formation ()f Scotland, 82. 

Ekalciinhurg. Socidte Ouralieniie d'Amateurs des Sciences Natur- 
clles. Bulletiji (4to). Tome iv. 187G, 

. . — . Tome V. Nos. l-Jl (1870-80). 1870-80. 

\ , M. Malaklioir. Indicateur des lieux de provenance des miudraux 
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connus jusqu’ici dans les inonts Ourals, 1. — N. Brousnitsyne. T^a pystdinia 
en aval dii village do Mokraia jiisqu’a la ville do KaiiiYscliloir, 11. — A. J. 
Drezdoff. Ijos eaiix minorales do Kourii ct d’Alapaovsk, 'JB. 

Ekaterinburg. Bocidte Ouralienne d'Amateurs dos Soioiicos Natur- 
dies. Bulletin (Ito). Tome vi. Nos. 1-^1 
1880-82. 

N. N. Novokivstcliennykh. L’usine do Kizeb — V. M. INlalaklioir. 
Indicateur dos lioux do provenance des mindraiix connus jii.'qa’ici dan 1(‘S 
monts Ourals, BB. — A. ,1. Drozdofl. (kmi position cliiniique des cliarbons 
fossiles dll versant est des inoids Ourals, 03. 

. . . Tornevii. Nos. 1-4 (1881-84). 1881-84. 

A. .1. Drezdoff. Materiaiix toiicbant les eanx inijun-akis do I'Oiiral, 1, 
7. — M. II. Trautscljold. Traces d(^ I’ctage Tongibni ])re8 de Kanivsch- 
loff, 21. -A. 1*. Ivarpinski. Sediments tertiaires du V(?rsant oriental de 
rOural, 60. — -J. N. Ochtcliepkoff. (^ui a decoiivert le diamant dans les 
monts Ourals 87. 

. . . Tomeviii. No. 1 (1885). 1885. 

. . . Tome ix. No. 1 (1885). 1885. 

Era nkfort-on-tbe- Maine. Kenckenbergisclie naturforschondo Gescll- 
scbaft. Boric lit, 1886. 1886. 

F. Kinkelin. Der JMeeressand von Waldbdckelheim, 135. 

Geneva. Societe Geologiiine Suisse. Compte rendu de la cin- 
(luidmo reunion annuelle en Aout 1886 a Gonevc. (8vo.) 
1886. 

Geological Magazine. Doc. iii. Yol. iii. Nos. 7-12. 1886. 

II. A. Nikdjolson. On J)mmdopo7'a alveolai'is, Mitdi., a new gimiis and 
specn^s of Silurian Corals, 28t). — li. 8. Oldham. ICssays on S])0(tulativo 
Geology. I. On llomotaxis and ‘Contemporaneity, 203. 11. Probable 

COianges of Ijatitude, 30f). —W. Downes. On tlie Tunnel Section near 
Jloniton, Devon, 308. — A. .TuUes- Browne. On tbe A])j)lica1ion of the 

term Neocomian, 311. — 0. Lapw< rth. On the S('queuc(^ and Systematic 
Position of the Cambrian liocks <> Nuneaton, ‘MO. — T. If. Waller. Pre- 
liminarv Note on the Volcanic and Avssociated Bocks of the Neighbour- 
hood o^ Nuneaton, 322. --G. ,1. llinde. Note on J^opht/^on P vjphinaium, 
Hicks, and on IJyalosielia {Pi/riUmewd) fascicu/m, M‘(V>v, sp., 3.‘)r. — P. 
M. Duncan. Ou a new Species oi' A.rofnuUdi {A. vknKjata)^ froin the 
Grit of the Inferior Oolite of England, 340. — .1. S. Gardner, ^b^sozoic 
Angiosperras, 342, — J. .1. II. Ti-all. Notes on some llnndjleude-hearing 
Bocks from the Irichnadanipf, 346. — A. Irving. Thf‘ Brookwfjod Deep 
Well Section, 353. — ,]. B. Gregory. The Bois de Eonlaiiit- Meteorite, 
and its probable identity with that of Charsonville of 1810, .‘>57. — ,1. JI. 
Collins. On the Geological Ilislory of tlie Cornisli Serptmtinous Bocks, 
350. — B. E. Tomes. ( )ii s/ ane new or imperfectly Iniowii M;fdre])ornria, from 
the Inferior Oolite of Oxfordshire, Glonceslershiie, and Dorsetshire, .*>85 
443. — B. Etheridge, jun. Note on the Becent Volcanic Eru])tioii in New 
Zealand, 3i>8. — A. Irving. The I 'lie on form ity between the Bagsliol Beds 
and the London (May, 402.-— S. A. Adamson. No1«*s on tko Disenverv 
of the base of a Larg'o Fossil Tree at Clayton, 406. — T. Bujun t Jones 
and J. W. Kirkby. On some Fringed and other Ostracoda from the 
Carboniferous Series, 433. — B. II. Traquair. New Paheonisi idm from 
the English Ceal -measures, 440. — S. S. Buckman. On the J.(ol)(>-line of 
certain Species of Lias Ammonites described in the Monograph by the 
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late Dr. Wriiilit, 442. — W. J. Harrison. On a Deep Dorin^ in the 
New lied JMjirls (Kenp(^r Marls) near Birmin^liain, 45;l. — T. Jliipert 
Jones. On I’ahcoy.oic Bhyllopoda, 4o(J. — J. J. 11. T(iall. 'Plie Meta- 
morphosis of the Lizard (labbros, 481. — T. McK. Iliifriies. On llie Ffynou 
Benno Caves, 480. — A. B. Wynne. On the facetted and striated pebble 
from the Oll\ e Oroiip (hni glomerate of Ohiel Hill in the Suit llange of 
the runjab, India, 402. — W. T. Blanford. Notes on a smoothed and 
striated Boulder from a Dejxxsit in the Pretertifiry Punjab Salt Range, 
494. — J. 8. Oardner. On Fossil flowering or phancn’ogaiiious Hants, 405. 
— British Association, 18S{). Se(d.ion C. (leology, btKb — K. Wetlierod. 
On the Structure and Organisms of the liower Jnniestoiic Shales, Oar- 
boniferons Inrnestone, and Upper Limestones of the Forest of Dtian, 529. 
— A. Btrahaii. On the Rocks surrounding tho Warwickshire Coalfield, 
and on the Base of tlie Coal-mea^^iires, 540. — F. Rutley. The Igneous 
Rocks, etc., of the Neighbourhood of the Warwickshire Coal-field, 567. 
— (t. Sharnian. On the new Species Olenua unneatonensis and OboUdla 
grayiulataj from the Lower Silurian Cambrian’ Lapworth)near Nunea- 
ton, 565. — II. Hicks. On the Ffynnon Beiino and Cae Qwyn Caves, 60G. 

Geological Magazine. Dec. iii. Tol. iii. Nos. 7-12. 1886. 

Furchmed, 


. . Yol. iv. Nos. 1-6. 1887. 

ri. Woodward. On some Spiiied Myriapods from the Carboniferous 
Series of England, 1. — W. A. E. Usslier. The Culm-Measures of 
Devonshire, 10. — W. S. Gresley. Notes on Cone-in-Cone ” Structure, 
17. — T[. C. Lewis. On a Dianiantiferous Peridotite, and tho Genesis of 
the Diamond, 22. — A. J. Jukes-Browne. Note on a Bed of Red Chalk 
in the Lower Chalk of Suffolk, 24. — H. 0. Lewis. Comparative Studies 
upon the Glaciation of North America, Great Britain, and Ireland, 28. — 
R. 1). Oldham. Note on the facetted Pebbles from the Olive Group of 
the Salt Range', Punjab, India, 52. — J. E. Man*. The Lower Palamzoic 
Rocks near Settle, 35. — British Association, 1886. Section C. Geology, 38, 
117. — H. Wo(jdward. Some new British Carboniferous Cockroaches, 49. 
— E, Hill. In Brittany Avith the Geological Society of France, 59. — T. 
G. Bonney. Note on Specimens of the Rauenthal Serpentine, 65, — H. 
Keeping. On the discovery of the Nummulina-degans Zone at Whitccliff 
Bay, Isle of Wight, 70. — A. .7. Jukes-Browne and W. Hill. Note on tho 
Gault and Clialk-marl of West Norfolk, 72. — C. A. McMahon. Note on 
the Foliation of the Lizard Gahbro, 74. — ^T. Wright (the late'). On a 
new Ophkirella^ 97. — R. F. Tomes. On two Species of Palfcozoic Madre- 
poraria hitherto not recognized as British, 98, — A. Smith Woodward. 
Notes on some J^ost-Inassic Species of Acrodufi^ 101. — H. Hicks. Tho 
Faunas of the Ffynnon Beuno Caves and of the Norfolk Forest Bed, 105. 
— J. S. Gardner. On the Beds containing the Gelinden Flora, 107. — G. 
F. Harris. On the Gelinden Beds «S:c., 108. — A. Irving. An Outlier of 
Upper Bagshot Sands on London Clay, 111. — 1 1. Woodward. Supple- 
mentarj^ note on Fiq)h<tberia fero.Vy Salter, 110. — E. T. Newton. Note 
on some recent additions to the Vertebrate^ Fauna of tiie Norfolk ‘^Pre- 
Glacial Forest-Bed,” 145. — A. J. Jukes-Browne. Inter-Glacial Land- 
surfaces in England and Wales, 147. — J, E. Marr. The Work of Ice- 
sheets, 151. — H. Hicks. The Cambrian Rocks of Norfcli America, 155. — 
J. S. Gardner. The appearance and development of Dicotyledons in 
Time, 158. — J. W. Spencer. Notes on the Erosive Power of Glaciers as 
seen in Norway, 167. — H. A. Nicholson. On lleiniphyUum dhiriense, 
Tomes, 173. — E. Wilson. British Liassic Gasteropoda, 193, 258. — G. 

TOL. XLIII, k 
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Dowkor. The Watei’-siipply of East Kent, in connection with Natural 
Springs and Jleop Wells, '202. — C. A. McMahon. The Clneissose Granite 
of the Himalayas, 212. — J. II. Collins. On the Geological History of 
the Cornish Serpcntinoua Hocks, 220. — O.C. Marsh. American Jurassic 
Mammals, 211. — K. H. Traquair. Noh^s on Chondrodeiis acij^eriseroidt^Sy 
Agassiz, 248. — J. E. Marr. The Glacial Deposits of Sudbury, Suffolk, 
202. — II. Lydekker and G. A. Houlenger. Notes on Chelonia from the 
Purbeck, Wealden, and liondon-clay, 270. 

Geological Magazine. Deo. iii. Yol. iv. Nos. 1- 0. 1887. Pur- 

chased. 

Geologists’ Association. Proceedings. Yol. ix. Nos. 0 (fc 7. 1880. 

W. Topley. The Life and Work of Professor John Morris, M.A., 
F.G.S., 080.— A. Irving. Tin? Straligraphical J delations of the Jlngshot 
Sands of tlui London Basin to the London Cday, 411.- J. Johnston- 
IjUTis. On the Fragmentary F.jectamenta of Volcanoes, 421. — J. Starkie 
Gardner. Fossil Gra.sses, 44:1. — .1. Postlethwaite and J. G. Goodchild. 
Oj) some Trilobites from tlie Skiddaw' Slab's, 400. — J. (1. Goodchild. 
Observations u])on the Stratigraphical IMations of tlu\ Skiddaw Slates,. 
402. — G. S. Boulger. On the Connection in Time of changes in Fossil 
Floras with those of Faunas, 482. — T. Ilupi'rt Jones and .1. W. Kirkhy. 
A J Jst of the (.ien(na and Sp(‘ci(‘s of Bivahu'd Ejiton)Ostraca foinid in the 
Carboniferous Formations of (.iron t Britain and Ireland, with notes on the 
Genera and their Di.stribution, 4U5. 

. . Yol.x. No. 1. 1887. 

A. Smith Woodward. On L(‘athery Turtles,” Decent and Fossil, and 
their Occurrence in British Flocene deposits, 2. — H. Hicks. On some 
further Besearclios in Bone-caves in North Wale.s, 14. — P. H. Carpenter, 
On Oriiioids and Blastoids, 11). 

Glasgow. Geological Society. Transactions. Yol. viii. Part 1 
(1883-84, 1884-85). .1880. 

J. Young. Notes on Cone-in-Cone Structure, 1. — It. (h’aig. On the 
Upper Liiiiestoiuis of Nortli Ayrshire, as found in the district around 
Dairy, and elsewhere, 28. — W . Jolly. The Parallel lload.s of Lochaher: 
the Problem, its Conditions and Solutions, 40. — It. Kidston. Notes on 
some Fossil Plants collected by Mr. II. Dunlop, Airdrie, from the lianark- 
sbire Coal-tidd, 47. — W. Jolly. Excursion to Ben Nevis and the Pai allel 
Roads of fjochaber, 72. — J. White. A (dimpse of Skye ; with Remarks 
on Volcanic Action, 105.— J. Whibj. Notes on Tarbert, Argyllshire, 1 11 . 
— D. Bell. Notes on the Geology of Oban, 110. — J. Young. Notes on 
the Cathlcin ‘‘ Osmund Stone,” a Volcanic Tuif, 134. — J. Y^oung. Notice 
of the late Dr. Thomas Davidson, 138. — J. Young. Notes on the Car- 
boniferous Braebiopoda, with Revised List of the Genera and Species, 
143. — J. II. S. Hunter. The Old Red Sandstone of Lanarkshire, with 
notes on Volcanic Action during Old lied and Carboniferous Times, 161. 
— ^J. R. S. Hunter. Notes on the Discovery of a Fossil Scorpion {Palmo- 
phonus caledonicus) in the Silurian Strata of Logan Water, 162. — J. 
Thomson. The Geology of the Territory of Idaho, U.S., and the Silver 
Lode of Atlanta, 173. — J. B. Murdoch. Notes on the Principal Geo- 
logical Papers read at the British Association Meeting, Aberdeen, 1885. 
179. 

Gloucester. Cotteswold Naturalists’ Field Club. Proceedings for 
1885-86. 1887. 

Sir W. V. Guise. Annual Address of the President, 1. — ^E. WitchelL 
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On the (ienus Nerincea^ and its Stratif^raphical Distribution in the 
Cotteswolds, 21. — S. S. Buckiuau. Some new Species of Drachiopoda 
from the Inferior Oolite of the Cotteswolds, 88. — J. II. Taunton. Some 
Notes on the Hydrolopfy of the Cotteswolds and the district around 
Swindon, 52. — J. II. Taunton. A Visit to the Jloxwell Sprinf^s, July 
188(>, 70. — 30. Wethered. yiitchchJvanin Ni<‘hoho)n^ a mnv Oenus, from 
the Lower Carboniferous Shales of the Forest of l)(‘au, 77. 

Haarlem. Hollandscho Maatschajipij der AVetenscha])pcn. (Societe 
Hollandaise dcs Sciences.) JNhitiiiirkiindig:e Verhaiidelingcn. 
3do Yerz. Deel iv. No. 4. 18S7 

. . Archives Ncerlandaises des Sciences Exactes et 

Naturelles. Tome xx. Livr. 5. ]88(). 

. . . Tome xxi. Livr. 1-4. 1880-87. 

J. Dosseba, fils. Sur la meteorite de Ivarang-^lodjo, ou Magetan, 
177. 

Halifax. Yorkshire Geological and rolyiechnic Society. Pro- 
ceedings. N. S. Yol. ix. Part 2. Pp. 115 82)0. 1887. 

IJ. 15. Stocks. On a ('Concretion calh'd Acros])ir(^, 140. — .1. Magens 
Mello. On the Microscopical Structure of Docks, 151. — W. Ilorno. On 
Prehistoric Remains r(‘contly discovered in Wensloydnle, 175. --G. K. 
Vine. Notes on the Poly/.oa of the AVenlock SlialevS 17‘J. — ,T, W. 

Davis. Oil tlui Relative Age of the Rmnains of Man in Yorkshire, 201. 
— .1. 11. Mortimer. On the llahilatioii Terraec'S of the lOast Riding, 221. 
— G. II. Vine. Notes on the I'aheontology of the W'eulock Shales of 
Shropshire, 224. — J. W. Davis. On sonu*. Rmnahis of I5)ssil IVees in the 
Lower Coal-measures at. Clayton, near Halifax, 25:».— J. S. Tnle. On the 
Cayton Gill Beds, 205. — ,1. \V. Davis. On the Exploration of the 
Raygill Fissure in Lothersdale, 280, — S. A. Adamson. On the Discovery 
of a Stone Imjileiuont in Alluvial Gravels at Barnsley, 281. 

Halifax, N. S. Nova Scotian Jnstituto of Natural Science. Pro- 
ceedings and Transactions. Yol. vi. Part 4 (1885-80). 
1880. 

1). TToneyman. Additional Notes on Glacial Action in Halifax 
Tlarbonr, 251. — 30. Gilpin. The (Carboniferous of Cape Breton, 280. — 
D. Houeymau. A Revision of the Geology of Antigonish County, 


Halle. Academia Caesarco-Lcopoldina Naturae Curiosorum. Nova 
Acta. Tomus xlvii. 1885. 

. Tomus xlviii. 1880. 

IT. Engelhardt. Die Tertiiirtlora des Jesuitengrabens hoi Ivundralitz 
in Nordbohiuen, 297. 

Halle. Zeitschrift fur Naturwissenschafton. Band Iviii. Heft 2~0. 
1885. 

P. Liidecke. Datolith von Casarza, 276. — P. Liidecke. Calcium- 
oxydhydrat als Kesselstein, 282. — P. Liidecke. Beobaehtungen an 
Stassfiirter Yorkomiiiasen (Pinnoit, Pikromerit, Kainit und SteinsaJz), 
645. 
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Hfille. Zeitschrift fiir Nainirwissenschaften. Band lix. Heft 1. 
1886. 

O. Biirbach. Beitrage zur Kenntniss der Foraminiferen des mittleren 
Lias am grossen Seeberg bei Gotlia, 30. 

Hamilton, Canada. Hamilton Association. Journal and Pro- 
ceedings, 1884-85. Yol. i. Part 2. 1885. 8vo. 

J. W. Spencer. Bcmarkable Landslide near Brantford, Ontario, 55. 

Havre. Socidte Gdologique de Normandie. Bulletin. Tomo x. 
(1883-84.) 3885. 

P. Bizet. Note explicative sur le profil gtiologiqiie de la route de 
Vernevul a Alon^on, 44. — G. Lionnet. Bdunion a Cherbourg, 53. — 
G. Lionnet. Sur la presence du terrain cretace infiSrieur dans les falaises 
de la Heve, 71. 

Hertford. Hertfordshire Natural-History Society and Field-Club. 
Yol. iv. Parts 1-5. 1886-87. 

R. Meldola. The Great Plssex Earthquake of the 22nd of April, 1884, 
23. 

Hobart Town. Royal Society of Tasmania. Papers and Proceedings 
for 1886. 1887. 

F. W. Hutton. On the Geology of the New-Zealaud Alps, 1 . — R. M. 
Johnston. Contrihiitions to the Palaeontology of the Upper l*ala3ozoi(i 
Rocks of Tasmania, 4. — R. M. Johnston. Notes on the (neology of 
Brmii Island, 18. — R. M. .Johnston. Reference-List of the Tertiary 
Fossils of Tasmania, 124. — 0. P. Sprent. Antarctic Exploration, 141. — 
R. M. Johnston. Remarks regarding Coal-seam opeiied out hy Mr. 
Brock at Compton, Gld Beach, 155. — It. M. JoJinston. Remarks on tJie 
Longford Coal-Basin, 150. — li. M. Johnston. Fresh (contribution to our 
Knowledge of the Plants of Mesozoic Age in Tasmania, l(jO. — Baron von 
Groddeck. On the Tin-Ore Dept)sits of Mount Bischolf, Tasmania, 180. 
— R. M. Johnston. Notes on the Geology of the King River, together 
■with a brief account of the History of Gold-mining in Australia, 210. — 
R. M. Johnston. Notes and Descriptions of Chiiioidea from the Upper 
Palaeozoic Rocks of Tasmania, 231. — 8. H. Win tie. Notes on Fossil 
Crabs from the deep dredgings of the Yarra River, and excavation of the 
Coode Canal, Victoria, 233. 

Industrial Review. N. S. Nos. 27-34. 1887. 

J. Barwise. Subterranean Movements, 418. — F. A. Hill. Geology 
and Mining in the Northern Coal-field of Pennsylvania, 426. — A. Bow- 
man. Mineral Wealth of British Columbia, 421, 435. — Great Mother- 
Lode in Amador County, 468. — T. A. Readwin. Mineralogy, 468, 484, 
531. — ^T. A. Readwin. ‘Gold in Wales, 515. — E. S. Moliat. Present 
Growth of Coal, 533. — Glacial Period and Man, 534. 

Institution of Ciyil Engineers. Minutes of Proceedings. Yol. Ixxxv. 
1886. 

J. T. Manby. The Granada Earthquake of 25th December, 1884, 

274 . 

. . Yol. Ixxxyi. 1886. 

S. H. Farrar. Note on the Gold-fields of South Africa, 343, 
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Institution of Civil Engineers. Minutes of Proceedings. Vol, 
Ixxxvii. 1886. 

. . Yol. Ixxxviii. 1887. 

, . Brief Subjcct-Indox. Yols. lix.-lxxxvi. Sessions 

1879-80 to 1885-86. 1886. 

Kingston Queen’s College and University, Kingston, Canada. 
Calendar for the Year 1886-87. 1886. 

Lausanne. Societc Yaudoise dcs Sciences Katurelles. Bulletin. 
Serie 3. Yol. xxii. Ko. 94. 1886. 

E. Berievier. F''siiltata scieiitifiques du eongres Cft'^ologique inter- 
national de Berlin, 54, — E. Renevier. Le M us6e gdolt)gique de J^aiisanne 
en 1885, 75. 

No. 95. 1887.^ 

II. lliiusler. Notes siir quelques foraininileros des marnes a bryozoaires 
du Yalangien de Ste-Croix, 260. 

Leeds. Geological Association. Tiansactions, 1885-86. Part 2. 
1886. 

B. Ilolgato. The Leeds Lower Ch)al-Ti)easnres, 49. — 11. 11. l'>(‘nch. 
On Bouvnos,*’ 51. — J. Stubbins. On Eoramiiiitera, 56. — Monckman. 
The Volcanic. Ilistury of England, 50. ~-,l. Spencer. Tbe Evolution and 
Distribution of the Ancient Floras of the lkirth,5(S. — B. IJolgate. Notes 
on the Geology of BoiinicnioutJi, 61. — 0. D. Ilardcasth?. Gn Meta- 
morphic Bocks, (>2. — A. IJ. Green. TJie Drift of the North of England, 
64. — C. D. llardcastle. Presidential Address, 66. — B. Holgate. Surface 
Indications, a guide to the Gc'ology of a District, (>9. — S. A. Adamson. 
Becent Discoveries of (hubotii lero us Vegetation in Yorkshire, 71. — S. A. 
Adamson. Reports of Field Excursions, 77. 

. Naturalists’ Club and Scientific Association. Transactions, 

1886. 1886. 

Leicester. Literary and Philosophical Society. Bc]>ort of tlio 
Council and Reports of the Sections (1885-86). 1886. 

, , Transactions. (New Qiuirt(‘rly Series.) Part 1 

(1886). 1886. 

E. F. Bates and E. lltxlges. Notes on a recent l^xposure of tlie Lower 
Lias and nineties in the Spiiiiioy Hills, Leicester, 22. 

. . - ( ). Part 2 (1887). LS87. 

C. A. Moore. Tin* Influence of tbe Geological Features of a District on 
tlie Health of its Inhabitants, 20. 

Leijjzig. Naturforschende Gesellscliaft. Sitzungsbcrichtc. 12Jalir- 
gang, 1885. 1886. 

J. Felix. Structurzeigoiide Pflaiizenreste aus der obercui Steiulvoblen- 
Eormation Westphaloiis, 7. — A. Sauer imd F. Schalch. lOiii neiios 
Mineral aus dem Grauulite boi Waldheim, 27. 

. Zeitschrift fiir Krystallograi)bie und Ylineralogic. Band xi. 

Hefto 5 & 6. 1886, Pnrchftsed, ^ 

G. Flink. Studien iiber acliwtslische Pvroxeiiiiiim'ralien, 419. ~-C. 
Schmidt. Beitriige zur Koimtniss der Skolezit, 587. — C. Schmidt, 
Albit aus dem Sericit-Gestein von Eppenhaiu im Taunus, 597. — 0. 
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Schmidt. TJeber die Miner alien des Eisenoolitlies an der Wind”:alhiii 
im Canton Uri, 597. — A. Des Cloizcaux. Neue Flilclieii am Ortlioklas 
von Elba, 005. — C. Ilintze. Regel miissit^e Verwaclisuiig von Hournonit 
mit Bleiglanz, OOO. — 0. Hintze. Ilcber Arsenolamprit, 000. — J. Leh- 
mann. ContractionsrissOj 008. 

Leipzig. Zcitschrift fiir Krystallographio und Mineral ogic. Band xii. 
Hefte 1-0. 1880. Fitrcluised, 

R. Scharizer. Ueber den Zwillingsbau des Lepidolithes iind die regel- 
miissige Verwachsung verscliiedener Gliminei’arten von Schuttenhofen, 1 . 
— H. Baumhauer. TJeber die Structur und die mikroskopisclie Bescliaf- 
fenheit von Speiskobalt und Chloaiithit, 18. — A. Cathrein. Ueber Mine- 
ralien von Predazzo, 34. — Cathrein. Verwachsung von Ilmenit mit 
Magnetit, 40. — A. Cathrein. Zwillingsstreifiin^ am Magnetit, 47. — A. 
• Gehrnacher. Die Krystallform des Ptitscher Zirkons, 50. — C. Schmidt. 
Mittlieilungen iiber ungarische Mineridvorkommen, 97. — M. Schuster. 
Ueber hemimornhe Pyrargyritzwillinge von Andreasberg, 117. — A. Des 
Cloizeaux. Ueoer das Krystallsystem des Descloizit, 178. — C. S. 
Bement. Ueber neuere amerikanische Mineral vorkom men, 179. — F. PfafF. 
llartecurve der Zinkblende auf der Dodekiiderliache, 180. — W. Ramsay. 
Methode zur Beslimmung der Brechungsexpouenlcn in Prismen mit 
grossen brechenden Winkeln, 209. — A. Beelter, Ueber die chemische 
Zusainmensetziing des Barytocalcits und des Alstonits, 222. — C. Biirwald. 
Untiirsuchimg einiger Ciilestine, 229. — A. Brand. Ueber Krvatalle aus 
dem Gestubbe der Bleiofeii in Meclieriiich, welclie dem Mineral Breit- 
haiiptit entspreclien, 234. — J. ITockauf. Ueber Botryogen, 240. — R. 
Scharizer. Dtu* Monazit von Schiittenhofen, 255. — E. S. Dana. Ueber 
den Columbit, 207. — E. S. Dana. Zur Kiystallisaiion des Goldes, 275. — 
K. Obbeke. Ueber das Vorkommen des Glaulvophan, 282. — II. Biicking. 
'^i'opas von San Louis Potosi und von Durango, 424, 451. — F. Feist, 
^'opas vom llmeiigebirge, 434. — R. Riecluilmann. Datolith von der 
S(iis8er Alp, 43(}. — T. Liweh. Colestin von Jnmeburg, 43,9. — G. Vom 
Rath. Einige neue und seltene Flacheii an Quarzen aus der Sammlung 
des Herrn W. C. Hidden, 453. — E. S. Dana. IMimaailogisclie Notizen, 
459. — E. Ilnssak. l^in Bdtrag zur Keimtniss der optisehen Anomalien am 
Fiusspath, 553. — E. S. Dana. Ueber die Krystallisalion des gediegenen 
Kupfers, 509. — A. Jvnop. Beiinige zur Kenntniss einiger ( Uieder der Glim- 
iiierfamilie, 588. — A. Kuop. Ueber Pseudobiotit, 007. — A. Kiiop. Ueber 
krystallisirte Niobsiiure, 010. 

. . Band xiii. TIeft 1 . 1 887. Purchased. 

G. Flink. Ueber LSngbanit, oin neiu^s ]SIineral von Langbjiushyttan in 
Werinland, Schwedeii, 1. — A. Cathrein. Ueber die Hornblende von 
lloda, 0. — It. Scharizer. Ueber den Xenotim und iiher cine neue Glim- 
inersverwachsung von Schiittenhofeji, 15. — J. Ika-kenkamp. Baryt von 
Oberschaff hausen im Kaiserstuhl, 25. — V. von Zepharovich. XeiiePyro- 
xoiifunde in den Salzburger Alpen, 45. — C. 8. Bement. Ueber neuere 
amerikanische Mineral vorkommen, 40. — H. Mayer. Kiqjferkies von 
Holzheim in Nassau, 47. 

Leyden. Geologische Reichs-Museum. Samml ungen. 8er. 2. No. 1. 

1 887. Purchased. 

J. H. Kloss. Untersuchungen iiber Gesteine und Mineralien aus AVest- 
Indien, 1. — J. 1-orid. Fossile Mollusken von (Jurnyao, Aruba und der 
Kiiste von Venezuela, 111. — M. Scliepman. Bijdrage tot de kennis der 
Molluskenfauna van de Schelpritsen van Suriname, 150. 
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Lk%e. Societe Geologique de Belgitiue. Procos-Verbal de TAs- 
sembloe Gi'inTale dii 21 Novembre, 188G. (8vo.) 1887. 

, 8ocicte Hoy ale des Sciences. Memoires. Her. 2. Tome xiii. 

1880. 

Lille. Societe Geologique du Nord. Annales. Tome xiii. (1885-86). 
Livr. 4-6. 1886. 

A. Six. Les precedes operatoires de microcliimie en histologie 
min^rale, 206. — 0. Jamiel. Ligne de Gretz a Eaternay, 245. — A. Six. 
Le glaciaire pal^ozoique et I’age dt5s liouilles de ITndo et d’Australie 
d’apres le Dr. W. T. Blanford, 256. — .1. Ladriere. La terrain quateruaire 
de la valine de la Doiile a Lille, compare a celui dii Nord de la France, 
266. — J. Ladriere. N ote sur Texistence de la tourbe quaternaire ^ La Fla- 
mengries-lez-Bavai, 288. — J. Gosselet. Tableau d(^ la fauue coblenzienne, 
292. — J. Gosselet. Note sur les roches dragu6es au large d’Ostende, 310. 
— J. Hall. Les Lamellibrancbes devoniens de ItStat de New York, 311. 
— J. Gronnier. Compte-reudu de I’exciirsion do la Soci(5te Gdologique du 
Nord du 4 Juillet 1886, 320. — ^I’aulin-Arraiilt. Sondage au lieu dit le 
Petit-Chateau pres de rEtablissement des Bones a Saiut-Amand, 329. — 
Manouvriez. Documents concernaut les oaux sulf'iirenses du Nord, 330. 
— Manouvriez. Documents concernaut k‘s eaux salees du Nord, 331. 

. . Tome xiv. (1886-87). Livr. 1 . 1887. 

J. Gronnier. Note geologique sur le Vermandois, 1. — E. Canii. Sur 
les ossemonts trouv^s par M. Gregoire dans I’Aachtuiien di^ Koeq. — 
Becquignies, 20. — E, Delocroix. Note sur raltt^ratiori d(\s eanx d’lm 
puits en Angleterre, 22.-0. Barrois. Sur le Kersanton de la Hade do 
Brest, 31. 

Liuncan Soci(3ty. Journal. Zoology. Yol, xix. Nos. 114 & 115. 
1886. 

. . . Yol. XX. No. 116. 1886. 

P. M. Duncan. On the Anatomy of the Lerignalbic Girdle and of 
other parts of the Test of Discotdm ci/lrndnca, Ijainarck, sp., 48. 

. . . Yol. xxi. Nos. 126-128. 1886. 

— . ; . Botany. Yol. xxii. Nos. 145-148. 1886 & 1887. 

.1. S. Gai'dmu’. Bemarks on some Fossil Leaves from the Isle of Mull 
(Scotland), 219. 

. . . Yol. xxiii. No. 151. 1886. 

. Transactions. Sor. 2. Zoology. Yol. ii. Parts 12, 15-17. 

1885-86. 


. . . . Yol. iii. Part 4. 1885. 

Lisbon. Sociedade de Geographia. Boletin. Scrio 6. Nos. 1 & 2, 
1886. 


. . . SorieO. Nos. 4-11. 1886. 

J. C. Lang. O petroleo do Dande, 240. 

Liverpool Geological Society. Proceedings. 1885-86. Yol. v. 
Part 2. 1886. 

T. M. Beade. The North Atlantic as a Geological Basin, 14. — C. 
Bicketts. The Occurrence of Bitumen in the Palteozoic Bocks of Shrop- 
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shire, ]‘J1. — II. C. Beasley. On a Section of the Upper Keiiper at Oxton, 
134. — T. M. Ih^ade. N<jtes on a Bed of Freshwater Shells and a Chipped 
Flint from the Alt Mouth, 137. — O. W. Jeffs. On the Occurrence of 
Copper in th(3 Keuper of Peckforton Hills, 130. — W. Hewitt. Notes on 
the Topograpliy of Liverpool, 145. — T. M. Reade. Boulders wedged in 
the Falls of the Cyrifael, 155. — T. M. Reade. On a Section of the Trias 
at Vyrnwy Street, Everton, displaying evidence of Lateral Pressure, 158. 
— A, N. Tate. Tlie Origin of Petroleum and other Natural Hydrocar- 
bons, 160. — (J. Rielretts. Impressions of Footprints and l^lants from the 
Trias of Oxton Heath, 108. — G. 11. Morton. The Carboniferous Lime- 
stone and (^efu-y-Fodw Sandstone of Flintshire, Kil). 

Liverpool. Literary and Philosophical Society. Proceedings, 1884- 
1885. Vol.xxxix. 1885.^ 

R. J. H. Gibson. The Relationship of Pahe ontology to Biology, 105. 

. . , 1885-86. Vol. xl. 1886. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science. Ser. 5. Yol. xxii. Nos. 134-139. 1886. iVc- 

aenied Inj Dr. W. Francis, F.G.S. 

11. Heunessy. (.)n the l^liysical Structure of the l^arth, 233. — H. Hen- 
nessy. Nott^ on tli<^ Annual Precession calculated on the Hypothesis of 
the Lartli’s Solidity, 328. 

, . Yol. xxiii. Nos. 140-145. 1887. .Preseiited hy 

Dr. W. Francis, F.(j\S. 

O. Eish(‘r. Oil the Amount of tl>e Elevations attributable to Coiiipres- 
sioii through the C’ontraetion during Cooling of a Solid Eartli, ld5. 

London Iron Trades Exchange. Nos. 1412-1437. 1886. 

. Nos. 1438~14()2. 1887. 

Lyon. Museum dTIistoire Natiireile. Archives. Tome vi. 1887. 
Farchast d, 

F. Fontaiines. Les Terrains Tertiaircs et Quaternaires du Proniontoiro 
de la Croix-Rousst?, a Lyon, 27. 

Madrid. Real Academia do Ciencias Exactas, Eisicas y Naturales. 
Memorias. Tomo xi. 1887. 

. . Revisla do los Progresos do los Ciencias Exactas, 

Fisicas y Naturales. Tomo xxi. Nos. 7-9. 1886. 

Tomo xxii. Nos. 1-3. 1886-87. 

M. Meringo. Los terremotos experimentados eii la Liguria, y alta 
Suiza, y occidente y mediodia de Fraucia, 196. 

. Soeiedad Espahola de Geografia Comcrcial. Revista de Geo- 

grafia Comercial. No. 25 a 30. 1886. (4to.) 

F. Quiroga. Estructura de la l*eninsula de Rio de Oro, 8. — E. Quiroga. 
Estructura y formacion del Sahara occidental, 63. — F. Quiroga. Colec- 
ciones del Sahara y de Canarias, 72. 
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Manchester. Geological Society. Transactions. Vol. xviii. Part 20. 
1886. 

W. Boyd Dawkins. On the Formation of Agates, 52o. 

. . . Yol. xix. Parts 1-7. 1887. 

W. 13. Dawkins. On the (loograpliy of Diitaiii in the Cavhoiiiferoiis 
Period, 67. — \V. Watts. Geological {Sketches at Pielhiu’ii and Denshaw, 
47. — It. T. Burnett. The Question of the Pre-Allantic Land, 76. — (i . H. 
Ivinahan. The Kxttnit of the (Carboniferous Sea as rt'gards Ireland, 114. 
— P. F. Kendall. Tlie Carbon derous \t)leanoes of Great Britain, l.‘>6. — 
T. Ward. On the Subsidences in the Salt Districts of Cheshire, their 
History and Cause, 152. 

Melbourne. Geological Sociely of Australasia. Transactions. Yol. i. 
Parti. 1886. (Sinall 4to.) 

J. Stirling. Notes on the Beni Limestones, 11. — W. Nelson. Geolo- 
gical Observations at Y'aiiru Ponds, 16. — II. von Leudcmfeld and .1. Stir- 
ling. Fxploration of INloiint Bogeiig, 22. — T. W. Fi. Ihivid. Noh^s on 
some Points of Basalt Eruption in Nhnv South \\'alcs, 24. 

Milan. Sociota Italiana di Scienzo Naturali. Atti. Yol. xxviii. 
P’asc. 1-4. LS85-86. 

F. Moliiuiri. NTiov(‘ osHd'vazioni siii minemli del graiiito di Baveno, 
58. — G. B. Yilla. Bivisia geologica dei tern'iii della BriaJiza, 79. — G. 
Mercalli. 11 terremoto seiitito in L(»nihardia nel 12 settfanlm^ 1884, 120. 
— L. ilieeiardi. Bieeieht‘ chimiche sidle roeee vnlcjinidK* did dintorni di 
Viterbo, 127.— F. Basso ni. Avanzi di pesri oolitiei nel Via’onese, 112. — 
F. Sacco. La \'alle delhi Stiira di Ciineo, 215, 266. — F. Molinari. 11 
porlido del Motterone, 264. 

Mirioralogical Society. ^Mincralogical IMagazinc and Journal. Yol. vii. 
Nos, 32 & 33. 1886. 

T. G. Bonney. On a Glaucopliane-oelogile from the Val d’Aosti^, 1. — 
W. J. Lewi«. On Idocrasi^ anil other JMinerals ri‘ci‘utly found near Zer- 
matt, 6. — 11. A. Miiu’s. Orllioclase from Kilima-iijaro and Adularia 
from Switzmland, 10. — A. Taylor. On the Nonienelatnro of the llydro- 
carboji Compounds, with a sugge.stion for a new classification, 13. — J. F. 
Kerr. Tlie Metallic Ores of Chili, 18. — W. Ji. Bell. New Localities for 
the Mineral A galmatolite, with notes on it.*^ composiiion, 24. — W. I. 
Macadam. On a New Locality for A galmalolite, 26. — W. L Macadam. 
On some New Localities for the Mineral Diatomite, with notes on the 
Chemical Composition of the Specimens exhibited, {>0. — ,1 . S. G. Wilson and 
W. 1. Macadam. Diatoinaceous Deposits in Skye, 35. — W.T. Macadam. 
On the Chemical Composition of the Mineral Bruiaidiite found by Mr. 
T. D. Wallace, of Inverness, at Loch Bhriiithaieh,42. — C. O. Trechmann. 
Barytes from Addiewell, West Calder, in Midlothian, 40. — R. H. Solly. 
Francolite, a variety of Apatite from Ijcvaiit Mini*, St. Just, Cornwall, 57. 
— II. Robinson. Two Analyses of Crystals of Apatite, 56.— R. II. Solly, 
Anglesite from Portugal, 61. — E. Kinch. On Platt-nerite, 6.3. — bb Kimdi. 
On a new variety of Mineral from Corn Avail, 65. — J. II. Hampton. Oassi- 
terite of the Straits Settlements, 71 . — AY. I. Macadam. On the Occur- 
rence of considerable Deposits of Limoni ti? (Bog Iron Ore) in North-west 
Rop-ahire, 72. — W. I. Macfidam. Further Note on Agalrnatolito in 
Gairloch Pariah, Ross-shire, 74. — W. L Macadam. On the Analysis of a 
Sample of Talc used in Paper-making, 7*3. — W. I. Alacadarn. Analyses 
of Samples of China (>lay (Kaoliuite), Cornwall, 76. — D. Honeyinan. 
Note on the Identification of the Scotch and New Brunswick ^LAlbertites,” 
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77 . — ^F. H. Butler. Note on Schorlaceous Bocks from near St. Austell, 
79. — J. W. Judd. On the Belations between the Solution-^anes of 
Crystals and those of Secondary Twinning ; and on the Mode of Develop- 
ment of Negative Crystals along the former, 81.— H. A. Miers. Index to 
Mineralogical Papers, &c., 1885, 93. 

Montreal. Natural History Society. Canadian Becord of Science. 
Yol. ii. Nos. 3-6, 1 886-87. 

^ Sir J. W. Dawson. Presidential Address before the British Associa- 
tion for the Advancement of Science, Sept. 1880, 201, — II. A. Newton. 
Belation of tln^ Earth’s Hocks to Meteorites, 228. — G. E. Matthew. Dis- 
covery of a Pteraspidian h'ish in tlic Silurian liocks of New Brunswick, 
261. — G. E. Mattliew. Abstract of a l*ap(‘r on the Cambrian Eaunas of 
Cape Breton and Newfoundland, 255. — G. M. Dawson. The Canadian 
Bocky Mountains, 185. — II. M. Ami. Occurrence of iScolithus in rocks 
^)f the Cliazy Formation, 304. — G. E. Matthew. The Pteraspidian Eish 
of the Silurian Bocks, .323. — F. Bain. On a l^ermian Moraiue in Prince 
Edward Island, 341. — G. E. IVIatthew. Illustrations of the h’anna of the 
St. .John Group, 357. — G. M. Dawson. Note on the Occurrence of .lade 
in British Coluinbia, and its employment by the Natives, 304. 


. Boyal Society of Canada. Proceedings and Transactions 

for the year 1885. Vol. iii. 1886. 

/Section lY. 

Sir. .1. W. Dawson. On tin* Mesozoic Floras of the Rocky ^lountfiin 
Region of Canada, 1. — Ik J. Cha])nian. On the Wallbridgc Hematite 
Mine, as illustratiiig the Siock-tbrnuKl JMode of Occnrj'eiKre of certain Ore 
Deposits, 23. — D. Jionevnia.u. Geologv of (k)rnwallis oj* McNab's Island, 
Hal Ifax IJarbour, 27. — G. Ik jMattluw. Illustrations of the Fauna of the 
St. .Tohn GroLij» {(.‘(wt/n/ird), No. III., 29. 

Moscow. Societe Imp(Tialo des Natnralistes. Bulletin. Tome Ixi. 
parti e (1885). Nos. 3 ^ 4. 1886. 

II. Traiitschold. Uebor das Genus 94. 


1886. 
A. Pavlow. 
227, 


. To7uo Ixii. 1*" partio (1886). Nos. 1 &■ 2. 

Note sur riiistoire de la faune kimmt^ridienne de la Bussie, 


, . . Tome Ixii. 2** partic (1886). Nos. 3 & 4. 

3886. 

M. Pavlow. Les ammonites dii gronpe Olcostephanm vvraicolorj 27. 

. . . Tome Ixiii. 1*" jiartie (1887). Nos. 1 & 2. 

1887. 

D. Anuts(;hin. TTcjber die reste dos ITohleiibaion aus Transkaukasien, 
216, 876. — M. Pavlow. Etudes surl’histoire paleoiitologique des ongules 
en Amdrique et en Europe, 343. 

, . Nouveaux Memoires. Tome xv. Livr. 4. 1886. 

H. Trautschold. l^ie Neocomien de Sably eu Criinee, 119, 

Munich. Kdniglich-hayerische Akademie der Wissenschaften. Ab- 
handlungen der mathematisch-physikalischcn Classc. Band xv. 
Ahf.h 3 1886 
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iN^ancy. Academie de Stanislas. Memoires, 1885. 136® Annee. 

5® Serie. Tome iii. 1886. 

. Society des Sciences. Bulletin. Serie 2. Tomeviii. Ease. 19. 

1886. 

Fliche. Note sur la flore de T^tag'e rh^tien aux environs de Nancy, 
150. 

Nature. Yol. xxxiv. Nos. 869-887. 1886. 

A. Blytt. On Variations of Climate in Course of Time, 220. — J. M. 
Alexander. The Craters of Mokuaweowes, on Manna Loa, 2.‘32, 239. — 
The Volcanic Eruption in New Zealand, 301. — A. Geikie. The recent 
Volcanic Eruption in New Zealand, 320. — C. Beid. The Pliocene De- 
posits of North-western Europe, 341. — W. C. Williamson. Our Fossil 
Psoudo-Alp'fc, 3(19. — J. Hector. The recent Volcanic Eruption in New 
Zealand, 389. — Sir J. W. Dawson. Inaugural Address delivered to the 
British Association Meeting at Birmingham, 409. — T. G. Bonney. Open- 
ing Address to Sentiem 0, (^Jeology, British Association, 442. — AV.Topley. 
The recent American J.’]arth quake, 170. — B. von Lendenfeld. A Glacial 
l^eriod in Australia, 522. — J. S. Gardner. Shctcli of the Early History 
and Suhsequent Progress of Paheohotanv, 508. — The rectmt Earthquakes 
and Volcanic Eruptions, 599.— Sir B. S/Ball. Note on tlu‘ Astronomical 
Theory of the Great Ice Age, (107. 

. Vol. XXXV. Nos. 888-912. 1886-87. 

E. Hull. Tlie Geology of the Lebanon, 10. — ,7. Miliar Volcanoes of 
Japan, 19. — T. C. Meiidenliall. Beport on the Oiiaiieston Kart liqualio, 
31. — W. Toploy. The Erosion of the English (\)asts, 37. — T. G. Bonney. 
Volcanic Bust from New Z(;aland, 56.— 11. t'. Lewis. Comparative 
Studies upon the Glaciation of North America, Great Britain, and Ire- 
land, 89. — T. G. Bonney. Volcanic Eruption in Niua-fu, Fihiiidly 
Islands, 127. — J. S. Hay and J. M. Metzgeu’. lOarthquake in Sierra 
Leone, 141. — Deposits of Volcanic Dust, 174. — J. Stirling. On some 
Further Evidences of Glaciation in the Australian Alps, 182. — J, W. 
Judd. The Ihlations b(;t.W(‘(!n Geology and tlie, Mim'ralogical Sciences, 
392, 414. — Earthquake in Switzerland, 442.- J. W. Judd, 'idie Relation 
of Tal)asheer to Mineral Substauce.s, 488. — W. E. Hidden. Tlie Mazapil 
Meteoric, Iron, 572. — T. II. Ilnxley. Preliminary Note on tlie Fo.ssil lle- 
maiiis of a Clieloniau Boptile, Ceraiochclijs fsthennruf^j from Lord Howe’s 
Island, Australia, 615. 

Vol. xxxvi. Nos. 914-920. 1887. 

B. Abercromby. Upper Wind-Currents near the Equator, and the 
Diffusion <.)f Krakatau Dust, 85. — A. lb Dick. On Zircons and other 
Minerals contained in Sand, 91. -.1. A. hi wing. A rec(‘nt Japanese Earth- 
quake, 107. — The Fossil Fishes of Mount Lebanon, 132. — P. W. Bassett- 
Smith. Notes on llie Geology of part of tlie lilastern Coast of China and 
the adjacent Islands, 163. 

Neuclifitol. Socicte dos Sciences Naturclles. Bulletin. Tome xv. 
(1884-1886). 1886. 

F. de Tribolet. Notes sur la Carte du plienomene erratique et des 
anciens glaciers du versant Nord des Alpes suisses ot de la chaine du 
Mont-Blanc, de M. A. Favre, 3.-— F. do Tribolet. Sur la Carte des has- 
sins erratiques de la Suisse d’Arnold Guyot, 9.— A. Ilirsch. Note sur 
r^ruption de Krakatau, 47. — A. Jaccard. Note sur la source de la Reuse 
et le Bassin des Taillieres, 00. — F. de Tribolet. Les tremblementa de 
terre en Espagne, 83, 
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iN'ewcastle-upon-Tyne. l^atnral History Society of Nortluimberlaiicly 
Durham, and Nowcast le-upon-Ty no, and Tyneside Natnralisl.s^ 
EieldClub. Natural-History Transactions. Yol. viii. Part 3. 
1886. 

. . . Yol. ix. Parti. 1887. 

. North of Enpjland Institute of Mining and Mechanical En- 
gineers. Transactions. Yol. xxxv. Parts 3 & 4. 1886. 

J. I). Kendall. The Iron Ores of the lOnglish Secondary Kocka, 105. — 

G. J. Binns. Cofil-Mining in New Zealand, 17*5. 

. . . Transactions. Yol. xxxvi. Parts 1 & 2, 

1887. 

G. A. Lehour. Notes on the Coal-Measures of Catalonia, Spain, 33. 

New Haven. American Journal of Science. Ser. 3. Yol. xxxii. 
Nos. 187-102. 1886. 

C. G. llockwood, jun. Notes on American Earthquakes, 7. — O. Meyer. 
Ohservaliuns on the Tertiary and Grand Gulf of INIississippi, 20. — A. 
Hague and J. P. Iddiugs. Notes on the Volcank; lloclvs of the Bepuhlic 
of Salvador, Central America, 20. — II. M. Seely. I'he Genus Strepho-' 
chetm^ distribution and species, 31. — N. S. Shaller. Preliminary Itepoi’t 
on the Geology of Cobscook Bay District, Maine, 35. — J. D. Dana. On 
some General Terms applied to Metamorphism and to the Porphyritic 
Stmeture of Eoeks, 60. — 8. L. Penfield and D. N. Ilai’per. On the Che- 
mical Composition of Herderite and Beryl, with note on the Precipitation 
of Aluminum and Separation of Berylhmi and Aluminum, 107. — W. Cross 
and L, G. Eakins. On Ihilolite, a new Mineral, 1 17. — J. S. Diller. Notes 
on the Peridotite of Elliot County, Kentucky, 121. — E. S. Dana. On 
the Crystallization of Gold, 132. — C. D. Walcott. Classitication of the 
Cambrian System of North America, 138. — J.Le(;bnte. A Post-Ter- 
tiary Elevation of the Sierra Nevada shown by the Kiver Beds, 107. — 

H. S. Williams. Devonian liamellibranchiata and Species-making, 102. 
— G. P. Merrill, (kunposition of certain Pliocene Sandstones from 
Montana and Idaho, 100. — W. E. Hidden and A. des Cloizeaux. (Contri- 
butions to Miiierah^gy, 204. — F. W. Clarke and .1. S. Diller. Turquoise 
from New Mexico, 211. — E. S. Dana and S. L. Peiitield. On two hithorto- 
undoscribed Meteoric Stones, 22(». — J. D. Dana. A dissected Yolcanic 
Mountain; soim^ of its revtlatioiis, 247. — B. J). Irving. Origin of the 
Ferruginous Schists and Iron Ores of the Lake Superior region, 255. — 
H. A. AVheeler.^ Further Notes on the Artilicial liCad Silicates from 
Bonne Terre, Mo., 273.---J. G. JMeeni. Limonite Pseudomorphs after 
Pyrite, 2/4. — O. W. Huntington. Ou the (Vystalline Structure of Iron 
Meteorites, 284.— W. E. lliddtm. A new Meteoric Iron from Texas, 300. 
— S. I A. Pentield and F. L. Sperry. On IVudomorphs of Garnet from 
Lake Superior and Salida, Colorado, 307. — G. F. Kuiiz. Further Notes 
on the Meteoric Iron from Glorieta IMt., New Mi*xico, 311. — E. S. Dana. 
On the Brookite from Magnet Cove, Arkansas, 314.—W. M. Davis. The 

Structure of the Triassic Foniiation of the Connecticut Yalley, 342. 

F. W. Clarke. Besearches on the Lithia Micas, 353. — J. C^ Branuer. 
Thickness of the Ice in North-(‘astcrn Pennsylvania during the Glaciai 
Epoch, 302. — T. M. Chatard. Lucasitc, a now variety of Yermiciilite, 
875.— W. G. Brown. Crystallographic Notes, 377.— S. L. Penfield and 
D. N. Harper. Chemical Composition of Balstonite, 380.— E. S. Dana. 
Mineralogical Notes, 380.— E. S. Dana. On the Crystallization of Native 
Copper, 413. — W. N. Bice. On the Trap and Sandstone in the Gorge of 
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the Farminglon Kiver at TanhVille, Conn., 4‘iO. — H. C. Lewis. Com- 
parative 8tu(li»is upon the GJaciation of North America-, Great Britain, 
and Ireland, l-l-h — I. P. Bishop. On certain Fossiliferous Limestones of 
ColiiTubia Co., N. Y., and their reflation to the Hudson River Shales and 
the Taconic System, 4.‘i8. — S. Tj. Penfield. Crystallized Yanadinite from 
Arizona and New Mexico, 441. — S. W. Ford. Note on the A<re of the 
Swedish I’aradoxides Beds, 47o. 

New Haven. American Journal of Science. Ser. 3. Vol. xxsiii. 
Nos. FJ3-li)7. 1887. 

C. A. White. A^^e of (\)al found in the rej^ion traversed hy the liio 
Grande, 18. — J. S. lliller. The latest Volcanic Eruption in Northern 
California, and its peculiar l^ava, 45. — G. F. Becker. The Texture of 
Massive Rocks, 50. — G. F. Knnz. Fifth JMass of Meteoric Iron from 
Augusta (k)., Ya., 58. — J. S. hhiuirson, L. L. Van 81yke, h\ S. Dod^e. 
Kilauea after the 1 'Eruption of March J8S0^ 87. — .1.11. Dana. Volcanic 
Action, 102.— P. W. Huntington. The Coahuila, 115. — S. L. Penlield. 
Phenacite from Colorado, Avilh notes on the Locality of Topaz Butte by 
AV. B. Smith, 180. — G. H. Williams. Tin; Norittw of the “ Cortland t 
Series” on the Hudson River, near Peekskill, N. Yk, 185, 101. — A. N. 
Ailing. On the Topaz from the Thomas Range, Utah, 140. — G . F. Becker. 
Natural Solutions of Ciimahar, Gold, and associated Sulphides, 199. — 
N. S. Shaler. Fluviatile Swamps of New England, 210. — W. E. Hidden. 
On the Mazapel Meteoric Iron, which fell November 27, 1887, 221. 
— G. E. Kuntz. On two new Met^iorites from CaiToll County, Ken- 
tucky, and Catozze, Mexico, 228. — J. J. Stevenson. The Faults of 
South-west Virginia, 202. — J. H. Dana. On Taconic Rocks and 
Stratigraphy, with a Geological Map of the Taconic Regions, 270. — G. 
H. Kinahan. Irish Esker Drift, 270. — ^A. H. Chester. Mineralogical 
Notes from the Laboratory of Hamilton College, 284. — R. T. Hi If The 
Topography and Geology of the (Jross Timbe.rs and surrounding regions in 
Northern Texas, 291. — 0. C. Marsh. Anieri(;an Jurassic Mammals, 327. 
— C. A. White. On the Inter-Relation of Contemporaneous Fossil Faunas 
and Floras, 364. — 1j. P. Gratacuip. The Eozoonal Rock of Manhattan 
Island, 374. — G. H. Stone. Terminal Moraines in Alaino, 378. — C. R. 
Van Hise. Note on the J^'nlm-gemeiit of Hornblendes and Augites in 
Fragmental and Eru])tive Rocks, 385. — J. I). Dana. On Taconic Rocks 
and Stratigraphy, with a Geological Map of the Taconic Region, 393. 

. Connecticut Academy of Arts and Sciences. Transactions. 

Vol. viii. Part 1. 1886, 

New York. Academy of Sciences. Annals. Vol. iii. Nos. 9-12, 

1885. 

G. F. Kuntz. On remarkable Copper Alinerals from Arizona, 275. — 
G. F. Kuntz. The Meteorite from Glorieta Mountain, Santa Fe, New 
Mexico, 329. — F. J. H. Merrill. On the Geology of Long Island, 341. — 
A. A. Julien. On the A'ariatioii of Decomposition in the Iron Pyrites ; 
its Cause and its relation to Densily^, 365. 

. . Transactions. Vol. v. (1885-86). Nos. 2-8. 1886. 

J. S. Newberry. Description of some Gigantic Placoderra Fishes 
recently discovered in the Devonian of Ohio, 25. — B. B. Chamberlin. 
Minerals of Harlem and Vicinity, 74. — J. J. Fnedrich. Notes on Local 
Mineralogy, 121. — R. P. Stevens. On the San Juan Mountains of Colo- 
rado, 121. — G. F. Kuntz. Rare Gems and interesting Minerals, 131. — 
J. S. Newberry. The Cretaceous Flora of North America, 133. — G. F. 
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Kuntz. Notes on some Minerals from the West, 21o. — N. L. Britton* 
Geological Notes in Western Virginia, North Carolina, and Eastern 
nessee, 215. — G. F. Kuntz. Miiieralogical Notes, 225. — O. F. Kiintz. 
A Meteorite from Catorce, Mexico, 227. — B. B. Chamberlin. Minerals 
of Staten Island, 228. — G. F. Kuntz. Description of a large. Garnet, 2()5. 
— G. F. Kuntz. On Bock Crystal ; its Cutting in Japan, Germany, and 
the United States, 207. 

New York. American Museum of Natural History. Annual De- 
port of the Trustees, for the year 1880-87. 1887. 

, . Bulletin. Yol. i. Nos. 7 & 8, 1880. 

R. P. Whitfield. Notice of Geological Investigations along the Eastern 
Shore of Lake Champlain, conducted by H. M. Seely and Ezra 
Brainerd, of Middlebury College, with Descriptions of the new Fossils 
discovered, 295. — R. P. Whitfield. Notice of a new Fossil Body, 
probably a Sponge related to Dictyophyton^ o40. 

Northampton. Northamptonshire Natural-History Society and Field 
Club. Journal. Yol. iii. No. 24. 1885. 

. . . Yol. iv. Nos. 25 & 26. 1886. 

B. Thompson. ThoUpper Lias of Northamptonshire, 16. — B. Thompson. 
Additional Notes on the Fish and Insect Beds of Northamptonshire, 27. 
— H. J. Eunson. Notes on the Deep Boring at Orton, near Kettering, 
Northamptonshire, 57, 

Yol.iv. Nos. 28 & 29. 1886 & 1887. 

W. Tuckwell. The Erratics of Leic('-stershiro and Warwickshire, 145. 
— ^B. Thompson. The Middle Lias of Northamptonshire, 167. — II. J, 
Eunson. List of Works on the (neology, Mineralogy, and Paheontology 
of Northam|)toiishire, 1 78. — Ch R. Vine. Jurassic l\)lyzoa in the Neigh- 
bourhood ot Northampton, 202. — ^B. Thompson. The Upper Lias of 
Northamptonshire, 215. — W. D. Crick. Note on some Forammifera from 
the Oxford Clay at Keyston, near Tlirapston, 232. 

Nottingham Naturalists’ Hociety. Trajisactions and 33rd Annual 
Report, 1885. 1886. Presented hy W, Whitaker, Esq,, F.CPS. 
E. R. Hodges. The Krakatoa Catastrophe, 39. 

. Transactions and 34th Anrii. I Report, 1886. 1887. 

A. T. Metcalfe, Rain and Rivers as Geological Agents, 35,— J. Ship- 
man. Some traces of the Ancient Beach of the Lower Keuper at Don- 
nington, 61. 

Paleeontographical Society. Monographs. Yol. xl. for 1886. 
1887. (Two copies.) 

W. C. Williamson. A Monograph on the Morphology and Histology 
of Stigmaria Jicoides, part 1 . — G. J. Hiiide. A Monograph of the British 
Fossil Sponges, part 1.— W. 11. Hudleston. A Monograph of the British 
Jurassic Gasteropoda, part 1, No. 1. — S. S. Buckman. A Monograph on 
the Inferior Oolite Ammonites, part 1. — W. Boyd Dawkins. Tlie British 
Pleistocene Mammalia, part 6. 

Paris. Academic des Sciences. Comptes Rendus. Tome cii 
Nos. 25 & 26. 1886. 

E. Jacquot. Sur la constitution g^ologique des Pyrt^nt^es, 1506. — C. 
V^lain, Sur la presence d'une rang^e de blocs erratiques ^chouds sur la 
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Paris. Acaflomie (Jos Sciences. Comptcs llendus. Tables, 18 SCk 

^ . Tome ciii. Nos. 1-26. 1886. 

a ao Saviortti. Huv Vhorizon rod cpx\ doit otro assi^mo alaftorelossik 


J.J jTftye. oiir JOS rapjiOits u« la Ofouesie avec 111 uu, zxjo . — 

P, jir<5on. Sur rassooiution cristallo^rapliiquo des feldspathstricliniquea, 

jyQ Vio-uier. Sur les roches dos Corbieres appekes ophites, ]72.~C. 

Bari'ois et A. Offret. 8ur les schistes micariecs primitifs et cambriens dii 
Slid de I’Andalousie, 174.— 0. Barrois et A. Offret. Sur les schistes et 

f eiss amphiboliques, et sur les calcaires du siid de I’Aiidalousie, 221.— 
lybert. Observations sur les jp’oupes sedinientaires les plus anciens 
du nord-ouest de la France, 230.— L. Oie. Recherches sur la vegetation 
inioeene de la Bretagne, 290.— C. Lory. Sur la presence de cristaux 
microscopiques de niineraux du group des feldspaths, dans (pertains 
calcaires jurassiques des Alpes, 309.— tl. Barrois et A. Odret. 8ur la 
disposition des breches italcaires des Alpujarras, et leur ressornblanco 
avec les brech(‘S liouilleres du nord de la France, 400.— K. Williu. 8iir 
la composition des eaux de Bagneres-de-]jUclion ( Haute- (laronne), 
41 G.— Nadaillac. Sur la decouverte, faite en Pelgique, d’une sepulture 
de I’iVj'e du Mainniouth et du Rhinoceros, 490. — A. Caraven-Oacliin 
et Clraiid Nouvelles recluTches sur la configuration et letendue du 
bassiii houillcr do ('arinau.v, Wr.-L. (Vio Sur 1 m alhmtos des ^ 
oolitliiniies de la France ocoidcntalo et de 1 Ansletorre, -lib.;— L. V jdal. 
Suv le trembleinent do terra du '27 aout en Orece, b. Schrader. 

Carte reprAsentaiit les terrains granitiques et cretaces des 1 yvenees es^pag- 
nolea et leur disposition en ciiaiiams ol)liqucs ct .successif.*, obo.— b. t oii- 
tannes. t!onstitution {reologrique du sol de la Croix-Kousse, Lyon, d.i. 

F Oonnard. De quelque,s roches srenatifei-es 'fu I «y-de-p_ome, hot- 
s' Meunier. Sur le pte plio.spliat.t de Deanval, Somme, p"--g 
Contribution a I’etude de.s llore.s tortiaires do la brance occid^tale et do 
la Dalmatie, O'dt).— (iuilt, Motdorite trouvee dans un ligmte tmtiaire, 

70-) \ Daubide. Meteorite, tombee le ->7 Janvier lS8h dans linde, a 

M^mn^nthM, province de Madras, 72C..-C- 1''; "Sea 
Remarques sur le Poro.ri/hm st,‘r/imicn.e, - ho.-A. j j 

TiTAiAovts de la Gt^odesie avec la (loologio, wi.— O. Is. iieitianu ti j 
V eClt Kouvelles remarques sur la ti-e des Poroxylons, Cvmmospermes 
Ss de I’epoque bouilleri 8-J0.-A. Lacroix, f -'auuni petograph.q^ 
diabase carbemifere des environs de Duinbarton (Leo&se), 8-|4. 
K"?miS Lm dlloeations du plobe mmdant les penodes 

de fractures et la conformation des continents, 8Jh —H. Dtrmite. 
Sm IWd def forces en Otologic, 829.-Sfonislas Meunier 

Snfrnliere reciieillie a la suite d’lin mdtdore rapporte 

ainguliere rec le Tdumaieiit sur les rapports de la 
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le systeme dt^vonien de la chaine orientale des Pyri^n^es, 1033. — F. 
Gonnard. Sur les pl^romorphoses de quartz de Saint Cl<^mont, 1036. — 
A. Lacroix. Description d’une vari«5te de carphovsid^rite, 1037. — A. de 
Lapparent. Sur les conditions de forme et de densitt? de Tecorce ter- 
restre, 1040. — L. Grid. Contribution a Tetude des fruits fossiles de la 
flore docene de la France occidentale, 1143. — PI. Bureau. Sur la forma- 
tion de Bilobittis a I’epoque actuelle, 11(54. — S. Meunier. Examen d’eaiix 
mindrales de Java, 1^05. — De Folin. Sur ime iiouvelle situation des 
roches nummulitiques de Biarritz, 1207. — 0. 1 )eperet. Sur rimportance 
et la dur(5e de la p6riode pliocene, d’apres I’etudedu bassin du lloussillon ; 
nouveaux documents pour le faime de Mammiferc^s plioc'enes de ce bassiii, 
1208. — E. Iliviere. Des Reptiles et des l*oissons trouves dans la grotte 
de Menton, Italie, 1211. — P\ Gonnard. Sur deux rocbes a beryl ct ^ 
apatite du Vt^lay et du Lyonnais, 1283. 

Paris. Academie des Sciences. Comptes Rendus. Tome civ. 
Nos. 1-24. 1887. 

A. F. Nogmes. Obs(‘rvations relatives a tine Note de M. Vi^iiior, sur 
les rocbes des Corbieres appelees opliiltjs, et a une Communication de M. 
Deperot, sur le systeme devonie]i de la ebaine orientale des Pyrenees, 03. 
— S. Meunier. Examen microscopique des cendres du Krabatau, 05. — 
A. Lacroix. Examen critique do quelques mineraux, 07. — De Lesseps. 
Sur divers pb(biomen(‘s oilerls })a.r bvs puils artesieiis rttetmimtmt lores (‘U 
Algerie, 135. — L. Collet. Ag-o de la bauxite dans le siid-est de la France*-, 
127. — Venukoir. (k)nsi(j orations sur la Carte gindogique du bu*. Jbiikal et 
de SOS environs, 137. — V. Lemoine. Sur le genre P/cmidn/ns, mammifere 
fossile de I’^ocene iiiferumr d(*s (.‘iivirons de Reims, 100. — S. jNleunier. La 
Giovanite, nouvolleroclie cosiuique, 103. — A. Lacu’oix. D(JS(;ription d’une 
Thoynsonite lamellairo d(' Bisbopton, Ibrnfrewsbirt}, p]cosse, 234. — A. La- 
croix. Sur line epidote blandu^ du canal du Beagle, Terre de Feu, 235. — 
A. Issel. Sur I’existence de vallees submerges dans le golfe do Genes, 
250. — F. Gonnard. Sur certains ])hen()nienes de corrosion linofiii'e de la 
calcite de Oouzon, Rbone, 316.— A. Issel. Sur I’^poque du croiiseinent 
des vallees submorget‘s du golfe de Ginies, 318. — C. Deperet. Sur la faunii 
de Vortebres mincenes d(' la Grive-Saint- Alban, Iseri?, 370. -.1. Tboiilet. 
Experiences H3mtlu‘ti(pies sur I’abrasion des rocbes, 381. — L. Roiile. Sur 
les gisemeiits (‘t I’agc do la bauxite dans le sud-(*st de la Fraiiiv', 38.‘). — 
Favarcq et G rand’ Jkir^r. Sur uii gres d’origine organique di^coiivert dans 
les couches d(*- boiiillii du b:issiu do bi Loire, .308.— V. Lemoine. Sur 
I’ensemble des reebercbes paldoutologi . ies faites dans les tei*raiiis ter- 
tiaires inferieurs des environs de Reims,’ 403. — E. Bureau. Sur le mode 
de formation des Bilobites stries, 405. — P. Ilautefeuille et !.•. Peau de 
Saint-Gilles. Sur la ri’produclion des micas, 508. 3). (Elilert. Sur les 

oscillations qui se soiit produites pendant la periode primaire dans le 
bassin de Laval, 528. — J. Bergm’on. Sur la constitution gi^ologique do la 
Montagne-Noire, 530.— E. Ste])liriu. Le trcrnblemeiit do terre du 23 
fdvrier, a I’observatoire do ]Mars<*ille, 556. — A. Gorgon. Sur ie ferrite de 
zinc. Production artibcielle de la franklinite, 580. — G. K-olland. Sur la 
g^.ologie de la r6^on du lac Ktdbia et du littoral de la Timisie centrale, 
507. — Reilly, Sur les giseiuents de I’dtain, au point du vue gdologique, 
600. — K. de Kroustchob. Sur de nouveaux proco(b% de reproduction 
artificielle de la silice cristallisee et do I’ortbose, 602. — Fines. Sur le 
tromblement de teiTe du 23 levrier, enregistre a I’observatioro de Per- 
pignan, 606. — F, A. F\)rel. Sur les eftets du treniblement de terre du 23 
f^vrier 1887 dans la Suisse orientale, 608. — S. Meunier. Treniblement de 
terre du 23 fevrier, a Nice, 611. — A. Tissot. Lo tremblement de terre du 
23 fdvrier, a Voreppe, Isere, 611. — J. Reveille. Le tremblement de terre 
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da 23 fdvrier, k Saint-Tropez, 612. — F. DenzA j 

du Pr'ipagfation du trTmblement de 


tn'inbltiintint de terre du 23 levrifu* a Nice 


, UDU.— A. Lacroix. iSur lea 

variations do composition des porpliyriU‘s carboniferes du llcnfrewahire 
Ecosse, / (Bonnard. 8ur les associations mineralea du basalte de 


P^cosse, / i / .— I . I Tonnaru. rsiir les associations minerales du basalte de 
PiMidellos, pws de Cl.a-ia,.nt-l‘«ri-and, 710.-E. ftemv. Preducli.m arti- 
h.-udle da nihis, 7.,/. A. Oaudry. Le petit Uawh xpelam de. Gargaa, 
po.— I- I'ouque. ]>.eu-ifi:miueiits divers rcciieillis sur lo trembleiueut 
de lerre du :i-fevrier , a l._ K. Uen,a. Sur le Iremblemeid de terre 
dll bnriei, / o/. S. Mcnnua*. IVeiniers resultats d’une exploration de 

la zone imi aalee par le treniblement de terre du 23 levrier T/iU. II. de 

Parville. Sur uiie (rorrelation eiitre les treinbleiuents do terre et les decli- 
naisons de la Lime, 7(>1, — ,1. Jj. Soret. Le treiubleinent de terre^ du 23 
fevrier, en Suisse., 7r,4.— Galli.^ I.i* tremblemcnt de terre du 23 fiSvrier, ti 
I’observatoire do. \elletri, 7()5. — 0. Naudin. t^Uielqiuis observations et 
reflexions an sujet du treniblement de terre du 23 liHrier, a Antibes, 822. 
— B. Niepce. Bocumeiits sur les Iremblements de terri^ de Nice, S3(). — 

E. Tamburini. Le treniblement de tern^ du 23, fevrier a la Spezia, S31. — 
A. de Vaux. Lo troniblement do term du 23 fevrier, en Id^urio, 832. 

F. A. Forel. IVemblemeiit de terre et j^risou, 8.3,3. — A. Blavier. Sur la 
cause possible des tremblements de terre d(‘ 1755, 1884 et 18, s7, 835. — A. 
Lacroix. Etude, ptHro<»‘raphi(| no d‘uii jrabbro a olivine de la Loiro-liiftl- 
rieiiro, 870. — S. iMeunier. lOxainen min<Taloui(j^u(* du fer uniteoricpto do 
Fort-Duiicaii, Texas, 872. — JOxtraits de divers lbip])erts du Service local 
du Geiiio aur les (diets du tremblenumt d(‘ terre dLi23 f(?vrior 1887, 884. — 
F. Deiiza. Tie tromblonient de terre du 23 ievrier J887, observe a 


Moncalieri, 887. — 11. K(‘sal. Sur iin fait qni s\‘st. prodiiit pies de, Nice 
lora de la dernioro secousse (b^ trembbmieiit de terre, 050. — (L de Saporta. 
Sur (pudques types do FifUgeros tiTliairos uouvcdlemtuit obsorv(.‘s, 05 1. — 
A. Tjacu’oix. Note sur line roclie a weruerite p'auuliti(|ue des environs de 
Saiiit“Naz:iire, 10] j. — S. MeuiiicM*. Ivxamen de (piebpio.s {j^-ali'ts du ua'j!;el- 
llnlie dll Jii^d, 1013. -OpjU'riuaiin. Sur los treiiiblonionts dt; terre, 1041. 
- ■L. Soret. Sur le treniblement do terre du 23 bivrior 1 887, 1088. — S. 
lyjeunier. lleproduction artllieiells du spinelle rose on rubis Calais, 1111. 
— A. Oliret. Sur lo Iremblement do terro du 23 levritu’ 1887, 1150. — A. 
Gor^eu. Frodiictioii artiliciollo do la inapictito, 1174. — L. Bourj^eois. 
Nouveau procede de rimroduction de la crocoi.se, 1 302. — F. Gonnard. Sur 
les a.s.sociat ions miiiorales de lapep(‘rite du puyde laPoix, 1304. — L. Lar- 

tet. Sur le terrain carbonifore de.s Fyr6n(5e.s ceiitrale.s, 1311. Ji. Le- 

cornu. Sur le ti^rrain siliirien du Calvados, 1317. — E. .laccpiot. Sur la 
coiLstitutiou <»e(dop;i(tLie de.s Pyrenees; le systeiiie cambrien, 1318. — P. 
Thomas. Sur la ddcouverte d(». iioiiveanx g-isomeiits de phosphate de 
cbaux en Tunisie, 1321. — IL Iliviere. De (pielques hois fossiles trouv6s 
dans les terrains (piateriiaires du bassin pari^ieii, 1382. — IT. Le Cliatelier. 
Snr la con.stitution des ar^ile.s, 1517. — G. Cotteau. Sur les pferires 
Eocenes de la famille des Brissidds (Ecliiiiides irr^fruliers), 153,2. — C. 
KolLmd. Sur le regime des eaux artdsiemies de I’Oued llir’ (Sahara 
algdrien), 1534. — Munier-Clialnias. Observations sur les actions m6ta~ 
morpbiques du granite et des lilons de quartz aux environs de Morlaix, 
1738. 


Paris. Academic des Sciences. Comptes ilendus. Index to 
Tome ci. 1885. 
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Paris. Annales des Mines, Serie 8. Tome ix, 2^ et 3® livraisons 
de 1886. 1886. 

B. de Chancourtois, 0. Lallemand, et G. Chesneau. De I’^tiide des 
mouvements de I’tScorce terrestre poiirsuivie particulierement an point de 
vue de leurs rapports avec les d^fragements de produits^ gazenx, 207 . — 
J. de Morgan. Note sur la geologic ot sur I’indiistrie miniere du royaiime 
de P^rak et des pays voisins (presqu’ile de Malacca), 368. — E. Jacquot. 
Note sur la carte g^ologique detaill^e de la France, 577. 

, . . Tome X. 4** et 5® livraisons de 1880. 1886. 

L. Bochet. Etude sur la kassiii houiller de Waldenburg (Basso-Sildsie), 
221. — M. Pelld. Etude sur les salines de Roumanie, 280. — De Grossouvre. 
Etude sur les gisements do minerai de fer du centre de la France, 311. 

. Annales des Sciences Gcologiques. Tome xv. 1884. 

Pui'chased, 

Croisiers de Ijacvivier. Etudes gcologiques sur la ddpartemont de 
TAriege et en particulier sur le terrain ere taco, No. 1. 

Tomexvi. 1885. Parchased. 

G. Vasseur. Sur le terrain tortiaire de Saint-Palais, pres Roy an, 
Charente-Infcrieiirc, No. 1. — G. Ootteau. Ecdiinides du terrain docene 
de Saint-l*alais, No. 2. — P. Fontannes, Note snr quelquos gisements 
nouveaux des terrains mioconos du I^3rtugalet description d'un Portuuien 
du genre AcJielous, No. 3. — Tl. Filliol. De la restauration du squelette 
d’un Dinocerata, No. 4. — L. Ditmlafait. Etude sur les roches opliiliques 
des Pyrenees, No. 5. — J. Dollo. Les decouvertes de Bernissart, No. ().--'P. 
Gourret. Constitution geologique du Larzac et des Gausses meridionaux 
du Languedoc, No. 7. 

, . Tome xvii. 1885. Parch<(fied, 

0. Depdret. Dt'seription gdologiqiie du bassiu tertiaire du Roussillon 
et description des vf‘rtcbrt% fossiles du terrain pliocene du Roussillon, 
No. 1. — TT. Filhol. Observations sur le mdmoire de M. Cope instituld : 
Relations des horizons renfermant des debris d’ajiiiiianx vertdbr<‘s fossil es 
en Europe et cn x\ineriq«ie, No. 2. — B. Renault, lleclujrches sur les vegd- 
taux hjssiles du genre A^tromiidon^ No. 3. — O. C. Marsh. M()nogra])l)ie 
des Dinocerata, maniniiferes gigantosques apparttmant a un ordre disparu, 
No. 4, 


Tome xviii. 1885. Purcliased. 

E. Fallot. Etude geologique sur les etages nioyens ot supdrieurs du 
terrain cretace dans le siid-est de la France, No. 1 . — I a. Roiile. Rccher- 
ches surle terrain tiiivio-lacnstre iuferieur do Provence, No. 2. 

. Annales des Sciences Naturelles. Zoologie et Paluontologie. 

Serie 6. Tome xx. Nos. i5-6. 1886. Purchased, 

. . . Serie 7. Tome i. Nos. 1-6. 1886 & 

1887. Purchased, 

. Annales Hydrographiques. Serie 2. Sem. 1 et 2 (1886). 

1887. Presented hy the Depot de la Marine, 

Sem. 1 (1887). 1887. Presented by the 


Dep6t de la Marine, 
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Paris. Association Fran^aise pour TAvancement dea Sciences. 
Compte Kendu de la Session 13, Blois, 1884. Parties 1 & 2 
1885. Purchased. 

Partie 1. 

E. Coason. Sur le projet de creation en Alg^rie et en Tunisie d’une 
Mer dite interieure, 57. — Rouire. La Mer int^rieure Africaine, 75. — 
G. de Saporta. Note sur les Echinides des couches coralliennes inftS- 
rieures d^Auxey, Oote-d’Or, 170. — E. Fuchs. Les richesses min^rales du 
Tonkin, 181. — Bleioher. Terrain tertiaire d’ Alsace, 183. — G. de Saporta. 
Sur deux especes jiirassiques du genre Ortkopaisy Cotteau, 183. 

Partie 2. 

L. Qu^nault. Mouvements lents du Sol et de la Mer, 215. — F. Lefort. 
Recherches sur Tage relatif des differents systemes de failles du Morvan, 
220. — G. Ootteau. Sur les Echinides des calcaires de Stramberg, 238. — 
V. Gauthier. Recherches sur le genre Micmater en Alg^rie, 243. — P. de 
Loriol. Sur le genre M lllericrmuny 247. — G. de Saporta. Sur un nouveau 
giaement do plantes fossilos coralliennes, 253. — Doiivillo et Le Meale. 
Carte gtiologiq Lie des environs de Blois, 255. — V. Gauthier. Surquelques 
dchinides nionstriieux, apparhmaut au genre Jlnuiaster, 258. — 0. Barrois. 
Epongea hexactiuellides du terrain d^vonien du Nord de la Franco, 2(il. — - 
C. Barrois. Couches a Norcitos du Bourg-d’Oiioil, Ilauto-Cjlaroiiiie, 2(>2. 
— C. Barrois. Roelies nuHamorphiques du Morbihan, 2(53. — Bhdclier. 
Le lina de Lorraine an point de vuo palcontologiqno, 2(^5. — G. Itolland. 
Terrains de transport et terrains lacustros du Baesin du Chott Melrir, 
267. 

. . Compto B,endu do la Session 14, Grenoble, 1885. 

Parties 1 & 2. 1886. Purchased. 

Partie 1 . 

G. Ootteau. Le Paleontologie eii 1885, 44. — A. Poinol. Sur le station 
prdhistorique do Tcuaiitine, pres Mascara, 128. — 0. IMalaise. Etat aetiiel 
des coiinaissances relatives au caiiibrien et silurieii de la Belgique, 120. — 
li. Collot. Constitution du eretace dans les Bouches-du-Rbone, 129. — 
J. M. Beroud. Sur la grotto des Baliiies, pres Villereversure, Aiu, 132. — 
E. Fuclis. Sur les gravicu's auriferes de la Sierra Nevada en Californie, 
133. 

Partie 2. 

L. Collot. Diversite (jorrtdative des sediments et de la fauno du 
miocene inariii des Bonches-dii-lMione, 339.- Peron. Note sur les 
(^^tagos de la, craie aiix environs dt? Troyes, 34(5. — V. Gautliier. Description 
de trois ecliinides nouveaux recueillia dans la eraie de I’Anbo et do 
rYonne, 35(». — G, Cotteau. Considerations gemu'ales sur les indiinides 
du terrain jiirassique de la France, 362. — P. de Loriol. (kuip d’adl 
d’enscinble sur les crinoides recueillis dans les couches jiirassiques do la 
France, 3<)4. — K Letbrt. Recdierelios sur rage relatif des differents 
systemes de failles du Nivernais, 3)72. — L. Qiuhiault. Sur les ost illalions 
hmtes du sol e.t do la luer, 392. — E. Riviere. IjO gisenient quaternaire 
du Perroux, Seine, 401. — E. Riviere. La faiine des invertebrf^s des 
grotles de Menton, 407. — E. Fiiebs. Note sur les gisements de cuivre 
du Boles, 410. — ITAult-Dumesnil. Nouvelles fouilles faites a Thenay en 
Septembre 1884, 4(53. — F. Daleau. Note sur les silex de Thenay, 467. — 
J. M. Bepud. La grotte des Balmes, pros de Villereversure, en Rever- 
mont, Ain, 471. — Sirodot. L’age du gisement du Mont-Dol, Ille-et- 
Vilaine, 478. — A. Arcelin. Sur les silex soi-disant tailRs de l^poque 
tertiaire, 503. — A. Pomel. Station pr^ihistorique de Ternifine, Mascara, 
504. — E. Riviere. Le Trou au Loup, 553, 


12 



126 


ADDITIONS TO THE LIBRAEr. 


Paris. Journal de Conchyliologic. Serie 3. Tome xxvi. Nos. 1-4. 

1886. Purchased, 

M. Coasman. description d’esp^es du terrain tertiaire des environs de 
Paris, 86, 224. — C. Meyer-Kyiiian. Description de coquilles fossiles des 
terrains tertiaires sup^rieurs, 235, 302. 

Tome xxvii. Nos. 1 <fe 2. 1887. Purchased, 

Museum dTlistoire Naturelle. Nouvelles Archives. Ser. 2. 

Tome viii. Pasc. 1 & 2. 1885-86. 

. . . Tome ix. Paso. 1. 1886. 

. Revue Scicntifiriue. Tome xxxvii. No. 26. 1886. 

A. de Lapparent. L’attraction des places aur les masses d’eaii voisines, 
801. 

. . Tome XXX viii. Nos. 1-24 & 26. 1886. 

De Montessus. T^a constitution interne du •rlolx' et les volcans, .300. — 
G. Cotteau. Association Pran^aise pour rAvanceuuent des Sciences. 
Session de Nancy (1886), Section de Gooloprie, 434. — Sir W. DaAvsoii, 
La j^eolo^ie de I’Atlanlique, 44V), 488. — II. Labonne. Les toiirbieres do 
I’Islande, 801). 

. . Tome xxxix. Nos. 1-25. 1887. 

A. de I^apparent. LVxcursion do la Socn^e Geolonriquo en Iheta^rno, 
38. — JO. Jourdy. Les dislocations du p(njdant les pi'riodes r<!C(‘nt<\s, 
leurs r6st‘tuix de fractures et la conforiiialion des (ioiilinents, 1 20, 3.‘)5. — 
A. de Lapparent. Les dislocations du prlobe, 3».‘)2. — G. 1 )areinbc‘rg. Le 
treinblement de terre du 23 ftnrier a Menton, 338. --G. Vekin. Les 
tremblernc'iits de terre, l(‘urs effets et lours causes, 354, 305. — II. d’Estrey. 
Les niiues d’or de Sumatra, 43.3. 

. Socidte Praii(;uise de Mincralogie. Riillctiii. Tome ix. 

Nos. 4-8. 1886. Purchased, 

C. llaivt. Mintu’anx d<*s environs <le Saint-Nazaire (Loire- In fVnieure)» 
120. — A. Laerc^ix. Suvralbite dt‘S pe<>-inatit(fs de Norwt^e, 131. — A. l)t\s 
Cloizcaiix. Note sur quelqiies formes nouvelles ol)serveos sur des cristaux 
de topaze de 1 liiran^’o, Mexique, 1 35. — A. Des (3oizeaux. Note sur la 
forme rhoinbiqiK* de la I )os(‘l()izite, l‘18j UK). A, Di's ( ’loizeaux. Nob* 
sur la veritable valeur de I’indice moyen de la ileiderite de Stoueliaui, 
141. — K. de Kroustchoff. Note sur im nouveau miiK'ral accessojre do la 
roche de Denclia (pi es de Leipzi»*)» 143. — K. de Krousudio/K Sujijibnnent 
a la note sur la IVnidotitn du. “ (L)ose Bay/’ 1 17. — A. Laeroix. Gomjdt^ 
rendu de publications e(ranger<*s, 148, 186. — A. Damour. Nob* sur un 
bdryl proveiiaiit de Madao-ascar, 15.3. — A. Des (3oizean.v. Note sur la 
ph(^nacite de (Vdorado et de Pramont, 171. — A. Des Cloizt'aux. Note sur 
la ddterrui nation des parametres dn snr lf\s incidences des Ibrnu'S 

observt^es dans ce mintTal, 177. — A. Des (.doizeaux. Snr un inindral qui 
parait olfrir nne forme dimorphe du rutile, 184. — JC. .Tannottaz. Note 
sur un clirysocolle de la Californie, 211. — L. INlicbel. Sui* la decoloration 
partielle du Zircon (Ilyacintlie) par la lumiere, 215. — II. Diitremblay dn 
May. Decoloration momeiitan(?e observee snr dc's agates sonmises a 
rinduence des rayons solaires, 216. — L. J. Tgelstra^m. Pyrrlioarsdnite, 
nouveau min(?i*al de Sjcegrufvaii, 218. — G. (^<5saro. Note sur u n assemblage 
de cristau.\ de ca«sit(5rit(*, 220. — G. Cesaro. Extension do I’observation 
de M. Mallard sur la macle de Carlsbad, 222. — G. Cdsaro. Note sur une 
nouvelle face de la calamine, 242. — P. Goniiard. Sur les min^rais auri- 
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f^res des environs de Pontgibaud, 243. — L. Bourgeois. Sur des titanates 
do baryte et de strontiane cristallis^s, 244. — K. de Kroustchoff. Notes 
pour servir a I’^tude lithologique de la Volhynie, 250. — K. de Kroustchoft". 
Notice sur une hyp^rite de Seeland, 258. — Cx. Wyrouboff. Sur la forme 
cristalline du chlorure de baryuni, 202. — G. Wyrouboff. Quelques mots 
a propos d’uu memoire de M. Schmidt sur la scoldzite, 200. — G. Cesaro. 
Note sur une propri<St6 g(Som6trique du rhomboodre de clivage de la 
calcite, 281. — Fouque. Sur un mineral artilieiel provenant d’lme scorie 
de forge, 287. — Fouqu^. Sur un giseni^nt de gneiss a ctudi^rite, 293. — 
N. Chatrian. Sur le giseiraeiit de diamants de Salobro, Br<5sil, 302. — A. 
Lacroix. Coinpte rendu des piiblications 6trangeres, 305. — E. Jannettaz. 
Note sur les rubis artificiels, 321. 

Paris. Societe Pranyaise de Mineralogie. Bulletin. Tome x. 

Nos. 1-3. 1887. Purchased, 

M. L^vy et Jjacroix. Sur granite a ainpliil>ole de Vaugneray, 27, — 
K. de lvroustclu)fF. Nouvelles syntheses du quartz et de la tridymite, 31. — 
A. Gorgeu. Sur la production artificiidle de la Zincite et de la Willemite, 
3r). — II. Goguel. t>oin])te8 rendiis des publications franyaises, 30. — A. Les 
Oloizoaux. i^iste des travaux de M. Websky, 4*k — M Jannettaz. Note sur 
ruranite de Madagascar, 47. — Fouqiui. Sur les nodules de la gianulite de 
Ghistorrai, 57. — A. Michel-Levy. Note sur un basalte riche en zeolillies 
des environs de Perit'r (Puy-de-L6ine), Ot). — G. Ihm^t. Sur la priisonce 
du beryl et de rerubescile dans les carrieres de Mischi, pres Nantes, 131. 
— L. Michel. Note sur la reproduction artiticlelle do la pyroinorpliite, de 
la ininietite et de la cani]>ylite, -A. Lacroix. Ptudes critiques do 
Mineralogie, 142. — A. Lacroix. Note sur la composition pet rographiqtie 
des roches de Bh'kka et Dalarne (Norwoge), 152. 

. Societ(Uxeologi(tue de France, Bullelin. Serie 3. Tome xiii. 

No. 8 (1885). 1880. 

Coinpte rendus de la ri^nnion extraordinaire dnns la Jurii meridional, 
du 23, Aout au 1 Si'ptenibre 1885, 051. [With comniimicatiuns by 
MM. Bertrand, Parandicr, Albert Girardot, Abel Girardot, Boiir- 
geat, Ilollande, ilenevier, Guiraiid, Do Grosso 11 vie, (Vdlot, G. Boyer, 
G. Maillard, Tardy, l*ille4, Le Sarran, Le Lajipartuit, and P. Choffat.J 

. . . . Tome xiv. Nos. 5-7 (1880). 1880. 

Le la Moussayfi. J^es iles flottantes de Clairmarais, 3,09. — Cornuol. 
IJstedes fossiles du CrtUace inleritmr de la Haute Marne, 312. — M. Coss- 
inann et II. Ariiaud. Un (Jrucibulum camjianicii, 323.— It. Zeiller. Note 
sur des cuipreintes liouilleres des I’yremies-Urimilales, 328.— Clniper. Sur 
une pegmatite diainantitero de rindoustan, .331. - J. Le Cossigny. Note 
sur le Jurassiqiie nxtyeii et sa division en (5tag(‘s, 345. — B. Jlanitis. Sur 
I’age des argiles du Caiital et sur les debris fossiles (|u’olle.s ont fouriiis, 
357. — F, Sacco. Sur quelques restes fossiles do poissons du I*liocene 
du Pieinont, 30t). — A. de Lappareiit Le niveau do la mer, 3(58.-11. 
Jlouville. Fssai sur la inorphologie de.s I » udistes, 3>80. — S. CalderoJi. Note 
sur le Wealdie.n du Noid de Tlilspagne, 405. -G. Le Saporta. Nouveaux 
documents relatiis ii des fossiles vegetaux et a d(!8 traces d’invertebres 
associes dans k‘S anciens terrains, 407, — A. Gaudry. Sur un nouveau 
genre do reptile du Perniien d'Autun, 430. — J\L Cossmari. Sur les graudes 
ovules de rFoctnie, 433. — L’Abbe Bourgeat. Ghservatious faites aux 
environs d’Ariiitliod et de St. Julieii, Jura, 437. — A. Gaudry. Sur des 
restaurations de reptiles, 444. — E. Jourdy. Note comphuneiitaire sur la 
G^ologie de Test du Tonkin, 445. — B. Zeillcr. NoUj sur les empreintes 
vegetales recueillit's par M, Jourdv au Tonkin, 454. -4 1. LouvilH. 
Etude sur les gres de la foret de Fontainebleau, 471.— L. Flot. Lesc'rip- 
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tion de Halitherium fossile, Gervais, 483. — A. Toueas. !Note sur les 
terrams cr^tacfis de la Valdaren aux environs du Beausset, C19. — A. 
de Lapparent. Note sur I’attraction exercee par les glaces sur les masses 
d’eau voisines, 524. — D. CKlilert. Bailies et lilons des environs de Mont- 
surs, 626. — Mieg. Note cotnpl^mentaire sur les couches a Fosidonomya 
Bronni^ de Minversheim (Basse-AlsaceJ, 550. — L/Abbe Bourgeat. l*re- 
miere contribution a Vetude de la laune de rOolithe virgulionne du J ura 
meridional, 560. — S. Meunier. Sur qiiel(j[ues empreintes problematiques 
des couches boloniennes du l*as-de-Calais, 564. — C. Velain. Note sur 
Texistence d’uiie rangeo de blocs erratiques sur la cote norniande, r>()9. — 
K. Zeiller. Note sur les empreintes vegetales recueillios par M. Sarran 
dans les couches do combustible du 'I’onhin, 575. — Viguiev. Note sur la 
position du l*oudingue de Ihilassou, dans I’Aude, 582. — I)e Itouville. 
Note sur le Poudingue de Palassou, 580. — K. Hebert. Uoiiiarqucs sur la 
faune des couches cretacees d(* Villagrains, 586. — I*. SS . Sliiart-Menteath. 
Note preliminaire sur les gisements motailiferes des l\yreiiees occi<lentales, 
587. — A. Poniel. Note sur deux echinides du terrain eocene, 608. — De 
Lacvivier. Note sur le terrain primaire du diipartnient de TAricgo, 613. 

Paris. Societe Geologiqiie do Prance. Bulletin. Scrio 3. Tome xv. 
(1887). Nos. l-:j. 1S87. 

L. de Laiinay. Note sur deux gisements do cordierile, siiJimanilo et 
grenat dans la r<r‘giou do (Jomuiontry, 12. — Moiilut. Note sur Texistenco 
d’uno formntion weuildioiine dans h^ do])ar(enieTit du Var, au quarticr du 
Bevest, pres Toulon, 13. — 11. Aruiand. Posiliou slratigrapliique d(j8 
argiles baiiolees de Tercis, Londes, 15. — Stanislas Mouniei*. P.xanieu 
d’nne substance rosiiieuse recuoillie a J aicbon 1(‘ 28 juillet 1885 a hi suite 
d’un coup (It* I’oiidrt*, 23. — h\ Sacco. Ijc h'ossanii'n, noiivel etage du 
Pliocene d’J( alio, 27. — Salvador ( 'aldt-'ron. Ihisume dt; (|ite)qiics (dudes 
de pliysiqut? g(^ol<.)gi({ue, 36. — J.oiy. Sur Jes vaj‘iations du Trias dans 
les Alpes dt; la Savoie, td s])ecialemeiit dans le massif de hi Vanoise, 40. 
— P. PonlaiUKxs. Sur la faune- des (*tage8 Sariiialit^ui* et Levantin on 
lioinnanie, 40. — F. Delafond. Note sur les Tufs d(^ iilexiniieux, 62. ~P. 
JJelafoiid. Note sur Jes alhuions ancieiines de la Brc'sse et ih.'s Donib(*s, 
65. — A. dardy. NouvclJos obsorvations sur la Iht'sst*, 82. — Jj. Plot. 
Note sur le Prohaluore l)Hhalnu, 15*4. — P. Tlionias. Notes additionnelles 
sur les vei4t%’('S fossiJos de la province de ( ‘oiistniitine, 130. — A. Toueas. 
(observations sur la crai(* su])erieiiro de Dieulelit, 140.^ — A. 'ibucas. 
All suj(d d’iiu(3 note de JM. d(‘ J.ticvivier sur Iddude coniiiaratiye des 
terrains eri''‘tacr:KS de rAri('’*g<* et de FAuch 153. — 1*. ( 'iioirat. Note prt^li- 
ininaire sur des fossiies rtjcueillis par JM. Jj, JMalu'ira dans la province 
d’Angola, 155. — P. Itutot et hJ. Van d(*n Broeck. Docunu'iits nouveaux 
sur la bas(‘ du terrain t(‘rtiaire en Belgique, et sur rag(‘ du Tufeau de Cijily, 
157. — Bourg(*at. (Joiivsiderations somiiiaires sur la })osifion des rognons 
siliceux du .lurassique siqx’rieur dans le Jura nmridional et sur les conse- 
quences qiii en d(3C0uh*nt, J62.— (1. Dollfus. (^)iielqims nouveaux gisements 
de terrain tertiaiv(> dans le Jura pit's de I’ontarlier, .1 70. — Tl. Nitrklcs. Sur 
la presence de Amm. polyschi(Jcf< et Amm. dans rOolithe inferieure 

des environs de Nancy, J04. — Ikuiech. Beponsc aux observations de M. 
Viguieur et de M. de Ilouville a propos des poiidingues de Palassou, 109. 
— A. de liapparent. Conference sur le sens des mouvemeiits do I’^corce 
terrestre, 215. 

Penzance. Boyal Geological Society of Cornwall. Transactions, 
Vol. xi. Part 1. 1887. 

W. W. Smyth. The Anniversary Address of the President, 11. — R, 
W. Bell. The Pliocene Beds of St. Erth, 45. — K. N. Worth. On an 
unmapped exposure of Serpentinous Rock in W^hitsand Ray, 51. 
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Philadelphia. Academy of Natural Sciences. Proceedings, 1886. 
Parts 1-3. 1886^87. 

0. McCormick. The inclusions in the Granite of Craftshiiry, Vt., 19. 
— .J. Leidy. An Extinct Boar from Florida, 37. — C. Koininger. On the 
Minute Structure of i^iromatopvra and its allies, 39. — A. Heilprin. Notes 
oil the Tertiary (jleolopy and P{ila‘ontology of tlie Southern Cniied States, 
37. — C. Wachsmiitli and F. Springer. Hevision of the Palaeocrinoidea, 
Part III. Section I?, (54. — F. L. 1 larvoy. On Anthracomarius tnlobiimt 
Scud., 231. — A. II. Sinith. The Pailway-Cutting at Grant’s Ferry 
Koad, 263. — J. Leidy. Toa odoii and other remains from Nicaragua, 0. A., 
276. — A. E. Foote. 'J’he Opal-JMiiies of Queretaro, Mexico, 278. — G. A. 
Koenig. Mineralogieal Notes, 281.- — L. AVoolnian. Oriskauy Sandstone 
in Lycoming Co., Pa., 290. — G. A. Koenig. Manganese-Zinc Serpentine 
from Franklin, N. J., 360. — A. Ilcilpriu. On Slioceno Fossils from 
Southern New Jersey, 3>6 1. — C. S. ^)oll<‘ 3 ^ On the Heliclites of Luray 
Cave, 361. — G. A. Koenig. On Scliorlomite asa’s ariety of Melanite, 365. 

■ — 1[. F. Oshovn. Observations upon the Upper Triassic Mammals, Dro- 
maihvrmm and Mia'ocotwdAm, 369. — F. A. Gonth. On an undescribed 
Metecji ic Iron from Last Teimessee, 30t5. 

. American PhiloHOpliical Society. Proceedings. Vol. xxiii. 

Nos. 123 & 124. 1880. 

J. (U Hraniior. The Glaciation of Parts of the Wyoming and Lacka- 
wanna Valleys, 337. — L. 1). (kipe. On two new S]K'eies <4’ I’hree-toed 
llors(>s irom the Up]ier Miocene, with Notes on the Fauna of the 
Tivh(>lepiu^A^i^(\%^ 351.— A. S. Packard. Discovi'ry of the Thoracic Feet 
ill a ChirhoniferoLis Pliyllocaridan, 3>80. — 1*. Frazm'. Sketch of the 
Gfudogy of Yovk County, I*enns\lvaiiia, 391. 

Photographic Society of Great Britain. Journal and Transactions. 
N. S. Vol. X. No. 9, 1880. 

A^ol. xi. Nos. 1-8. 1880-8' 

Pliysical Socieiy of London. Proceedings. Vol. viii. Parts 1-4. 
1880-87. 

Pisa. Sociota Toscana di ScienzeNaturali. Atti. Mcmoric. Vol.viii. 
Fasc. 1. 1880. 

G, Mmicghini. (xoHiodinniff T'cn'azzd^ Mgli., niioNa. stdlerido ((‘I’ziaria 
del \ icreii till o, 1. — C. de Stidani. Lias iiil'(;riore ad Arieti di*!!’ A])ennino 
setteiitiiouale, 0, — A. de Gr('gt)rio. Intorno a nii deposito di lioditoii e 
di (Virnivori snllo votUi di Monte JYllegrino Cdii uno scliizzo sincronogra- 
fico del calcare postplioceiiico della Vullala di i\ah'nuo, 217. 

• • . Process! Verbal!. A'ol. v. Pp. 79-220. 

1880-87. 

li. Busatti. Sulla tr.'ichilo della Tolfa, 9(>,— H. Lotti. Brevi consi- 
deiazioni sulle trachili della Tolfa, 99.— A. I fAchiardi. Ituece ottre- 
litiche delle Alpi Apuaiie, 110.— G. llistori, Sui de]jositi qiiateruari del 
Caseiitino, 114.— -G. Bistori. Filliti del travcvtini d'oscani, 114. — B. 
Lotti. Metamorlismo di sediment! cj'etacei, 140. — B. Lotti. Origino 
della peridotit(!, 141. — 1). Paiitaiielli. J cosidetti ghiaeciai apenninici, 
rhini. Sulla fauna del Ca])o di S. A igilit) illu.slrata dal 
Vac(dc, 162. Al. Canavari. Jvilovamento geologico della Sibilla., 102. — 
V. Simonelli. Echinodermi fossili di Piaiiosa, 103.— C. De Stelani. Gli 
schisti cristallini dell’ Apenniiio Savoiiose, 173.— C. Do Stefani. II 
piano pontico sui monti della I’olfa, 175. — G. Grattarola. Cerussite di 
Val Montana, media Valtelliua, 177.— M. Canavari. Di aleuni tipi di 
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foramimfere appartenenti alia faniiglia delle NumniuliiiidfiD raccolti nel 
Trias delle Alpi Apuane, 184. — M. Oanavari. Fossili titoniaiii nel Moate 
Pisano, 187.— G. Gioli. Fossili della Oolite di San Vigilio, 11)5.— D. 
Pantanelli. La Melania rurvirostra^ Desh., delF Abissinia, 204. — 0. 1)e 
Stefani. I deposit! glacial! nell’ Apemiino di llcgpio e di Modena, 206.-— 
G. Bistori. 1 dint(»rni d’ Orciatico in provincia di Pisa, 21 2.— G. Bistori. 
Filliti nei Travertini delle Sugherelle presso Bio (Lola D’Elbn), 217. 

Plymouth. Devonshire Association for the Advancement of Science, 
►Literature, and Art. Beport and Transactions. Yol. xviii. 
1886. 

W. I*enge]ly. IJappaway Gavern, Torfjiiay, 101. — A. Soinervail. The 
Physiography of Torquay : the geological structure and origin of its Hills 
and Valleys, 171. — AV. Dowue.s. Geological Notes on the Iloiiiton 
District, 181. — AV. IViigelly. Notevs on Notices of the Geology and 
Pahnontolngy of Devonshire, 488. 

. . , Extra A^oliimc. The Devonshire Domes- 

da}^ Ihirt M. 1886. Svo. 

Plymouth Institution and Devon and Cornwall Natural ITiatory 
^Society. Annual Beport and Transactions. A"ol. ix. Part 2 

B. N. AAhirth. Tin* Itochs of Plymouth, 21 
Quekett Alieroscopicail Club. Journal. Her. 2. A\)l. ii. No. 16. 

1 886 . 

E. Grove and G. Sturt. On a Fossil IVlariiie Diatoinaceous Deposit 
from Oamare(‘, New Zoahiud, .‘>21. 

— . . . A"ol. iii. Nos. 17 & IS. 1887. 

E. Grove and G. Sturt. On a Fossil Marine Diatoinaceous Deposit 
from Oaniaree, 7, 63. 

Becord of Zoological Literature. (Zoological Becord.) Edited 
by A. C. L. G. Giiullier, A. Newton, E. C. Bye, and E. J. 
Bell. 1 864-1 885. A4)ls. i.-xxii. 8vo. London, 1865- 1886. 
rarcltascd. 

Bio do Janeiro. Museum Nacional. Archives. A^ol. i. (1876). 
1876. 

. . . Yol. ii. (1877) 1877. 

(). A. Dtrhy. CAuitribui^oes para a Geologia de Begiao do Eaixo 
Amazonas, 77. 

. . . Yol. iii. (1878). 1878. 

IF. Gorceix. Estudus geologicos e miueralogicos sohre algumas locali- 
I da. IVovincia de Minas Geraes, t). — L. Dupre, Jim. Estudo geo- 
logico e mineralogico da regiao E. do Ouro-I’reto, comprehendida entre 
aquella cidade, a provoa^ao do Taquaral e o rio do (^irmo, 11 . — Ij. A. 
Conea da Costa, h^studo geologico de regiao de S. Bartholomeu e 
da mina de Ouro da 'lAip<^ra perto de Ouro-Preto, 17. — O. A. Derby. A 
geologia da Begiao Diamantifera da IVoviiicia do Parana, 89.-0. A. 
Derby. A IJacia (Jretacea da bahia de Tod os os Santos, l.‘ir>.— B. 
liathbnn. Observayoes sobre a geologia aspect o da llha de Itaparica, na 
bahia de Todos os Santos, 159. 

Yol. iv. (1870). 1881. 

O. A. Derby. Coiitnbiii^*ao para o e.studo da geologia do Valle do Bio 
S. Francisco, *87. — O. A. Derby. Observa.joes sobre algumas rochas Dia- 
IS da Provincia de Minas Geraes, 121. 
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Eio de Janeiro. Museum Nacional. ArcHvos. Yol. v. (1880). 
1881. 

. . . Yol. vi. (1885). 1885. 

Kochcster Naturalist. No. 12. 188G. 8vo. Presented by W, 

Wldtal er^ Esq.^ F.G.S, 

C. Eird. The Cluilk, 204. 

Homo, llcale Accademia dci Lincei. Atti. Berie 3. Memorie. 
Yol. xviii. 1884. 

C. De Ksciirsioue seieutitica Delia Calabria (1877-78), .lejo, 

Montalto e Capo \ a-ticaoo, 3. — G. Capelliid. 11 Chelonio Veronese 
(Pri>loii 2 ^haryiii vnu nnu.is^ Cap. ) scoperto nel 1852 nol Crctaceo superiore 
presso Sant' Anna di Aliaedo in Valpolicella, 201. 

. . . . . Yol. xix. 1885. 

F. Saiisoni. Sulle forme cristallino della ealcite di Andreasberg 
(Ilarlz), 450, 

. . . Seric 4. Memorie. Yol. i. (1884-85). 

1 885. 

G. Striiver. Contvibiizione alia mineralo^ia dei vnleani Sabatini, 
Pa.rt(* T., 5. — (J. Capellijii. Del /ifioide fossile {Chmezqdiua jila ris) 
scoj)erlo jjelle sabbie pliocenielie di b'aii^oiHM'o ])resyo Siena, 18.— (j. J )(5 
Stefani. Stiidi ])aleozo(»]o^-ici siillu erela superiore e media dell’ Apeiinino 
setteulriouale, 70. — G. Poiizi. Conglomeiato dd Tavolato, 540. 

. . . . . Yol. ii. 1885. 

A. (%)ssa, Sulla vita ed i lavori scienlilici di Quintino Sella, 5. — Lavori 
di Quintino Sella, 45, 225. 

. . . . Eeiidiconti. Yol. ii. Somestro 1. 

Ease. 12-14. 188(;. 

F. Killer. Sulle rocee luagneticlie di IJocca di Papa, 428. — G. Struvor. 
I^'orsterite di Pac.cano, 459. — 10. Mattirolo. liitojDo ad alciuie roeeie 
della valle del Peima iiell’ Apennino ligur(‘, 502, 045. — 1). Jjovisato. 
So]mi il ^raniti^ a sferoidi di Glii.storrai presso Fonni in Sarda^na, 507. — 
K. Stassauo. La foce del Coiij^o, 510. 

. . , Itcndiconti. Yol. ii. Somestro 2. 

Faso. 1-5, 7-12. 1880. 

A. ITi cini. Sii di un miiierale die ficeompaofna la columbite di Cra- 
veg«ria in Yal Yigezzo, 40. 

• . . . llendiconti. Yol. iii. Fasc. 1-9. 

1887. 

G. Se^uenza. Gli strati con PhyncJumella JUrrMtty Oppel, presso Paor- 
Diiiia, 10. — F. Giacouielli. Sul tt‘rremoto del 29 agosto, 1880, 20. — G. 
Segiu'Dza. 1 calcari con 8tej)hanoveras {^iSidufroceras) llronyniartii, Sow., 
presso Tjiormina, 1 80. 

. Societa Geologica Italiaiia. Eollcttiiio. Yol. i. (1882). 

1882-83. 

Estratto della conferenza sulle serpentine, 14. — T. SteiTy Hunt, liias- 
sunto della conferenza, 32. — G. 11. Cliancourtois. Sulle serpentine, 39. 
--L. Nicotra. Diatomeae in sdiistis quibiisdam messanensibus detiict^e, 
45.— F. Molon. 1 colli berici del Vincentino, 47. — T. Taramelli. Osser- 
vazioni geologiche nel raccogliere alcuiie campioni di Serpen tini, 80. — 
1). Paiitanelli. Fauna iiiiocenica a radiolarie dell’ Apennino setteii- 
trionale, 142. — G. Mazzi^tti. Relazione interrio al modo di forinazione 
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delle argille scagliose di Montese, 160. — A. De Zigno. Besti di Sauriani 
Del Lombardo-\ enfcto, IG] . — E. Nicolis. Note di geologia Veronese, 1 62. 
— C. De Slefani. Osservazioni siilla carta gt3ologica d’ Italia pubblicata 
in uccasione del Congresao di Bologna., 16)5. — T. Taroraelli. Osservazioni 
fatte nei ruonti circustanti al passo del Senipioiie, Ib^b- T. Tarainelli. 
OsscTvazioni fatte nell’ Apenniuo di Piacenza, IWf — A. Vt*rri. Trasibr- 
mazioni idrograficlie nel terriU)rit> di Uieli e Terni, 191. — I. (/uiici. (^on- 
tribnzione alia fauna crcdacea llaliana, lOG. — B. Arturo. T^a provincia 
di Treviso, 20.‘).—- A. Jssei. Antiehe linee litonili della Liguriji, 222. — 
C. Segre. Appunto geognostico sidle rocce calcareo-inoiiiiesiaclie, die 
costeggiaiio il \' elino vidiio al pause di Antrodoco, 236. — C, F. Parona. 
Sopra i londji plioceiiici sitiiati tra il bacino del lago d'Orta e la val Sesia, 
6 suir altojiiano di IJoca e di Maggiora, 239. 

Borne. Socii'ta Ooologica Italiaim. Bollctfino. Vol. ii. (1883). 

.1883-84. 

G. A. Tucciind. 8ulla strnttura e i terri'ni die formano la catena di 
Eara in Sabina, JG. — A. Vt'rri. Due parole sui luti Icudtid dei vulcani 
Tirriiui, 40. — L. iMazziioli v A. Issd. Sulla sown posizi one ludla IMvieradi 
poni^nte di una zona uliolilica eoceiiica ad una forinazione ofioliliea paleo- 
zoica, 44. — G. Seguenza. Gli Ostracodi dei ]i('riodi tiTziarii e quaternarii 
viventi nel mare di iMessina, 57.-- 'V. Tarameili. Ddlo studio geognostico 
del Huolo agrario in rapjiorto col propo.do cmisinKuito dei ti'rrmii produt- 
tivi del regno d’ Italia, «''4. — G. LIzidli. Sulle argilb^ scagliose, 95. — A. 
Verri. »Sui badni del ttiiascio e del Tu)»i.uo, 108. —(\ Seg-re. Sulla 
costituzione geologdca dell’ Ajxuuiino Abruzzese, 121. • bi. Bonardi. 
Analisi diiniiea di aleuiit! argille gdaeiali e ])lioctMiiclH.‘ delP Alta Italia, 
12G. — G. IJziidli, Sidle ondnlazioni terrestri in reltizione eon V orograiia 
degli A]ieiinini e delle Alpi, J2»8.~A. Neviaiii. Di uu orizzonte a. Sep- 
tarie nel .Bolognesi*. 1G4. — T, Taraindli. Snlla niKri'ssitfi di studiari* le 
«poiide del bacino Adiio-padiiiio, 1G7. — E. Nieolis. Snl terziario nelle 
Brea,l])i relielie ad oiiinite dd lago di Garda., 171. — ^^Eornasini. Nota 
pridiininare sui forarninileri della mama plioeeiiica del Pontieello di Savena 
nel Bologneso, 17G. — G. iMazzetli. Delia stratitieazioni* delle argille sea- 
gliost3 di INJoiitesi' o dell’ aiialogia che jiassa fra aicnni lenibi di tm’reno di 
Costa de-’ Grassi nel Beggiano ed aleuni allioranienti di S. JNlarlino e di 
Itanoechio nel Modenese, 190, — F. Salmoir.ighi. Snlla garnn’in iibban- 
donata di Majidung-o in (’alabria Citej iore, J93. — L. Gatta. Sn aicnni 
fenoineiii lisici relativi all’ isola d’ Iseliia, 210.-- -A. Negri. Stmli snllo 
Alpi Vicentiiie,, 222).- -M. Caiuivari. Belazioiu* del eseursione fatte il 3 e 
4 settembre, 1883, alia grotta di Fra.-assi (‘ al pmite didla Bossm nei din- 
torni di Fabriano, 229. - V. Simoiielli. U inoiile della W riia e i suoi 
fossili, 235. — I']. Ulivero. Orograiia delP Apenniuo, 281. 

. . . A^ol. iii. (1884). 1884. 

A. Verri. La Creta o I’Kocene nel bacino del Tevere, 18. — C. De Ste- 
fani. Sugli studi dell’ Lllido geologico nelle Alpi Apuane e nidi’ Ay)en- 
nino, 23. — A. Alberti. Dal Garda agli Fnganei. Saggio di ineceaiiica 
stratigrafjca, 41. — G. Ponzi. Di un grande osso fosdle nnv«uiut() iH*i con- 
toriii di Roma, GO. — B. Meli. Mollusclii terrestri e d’acqna dolce riri- 
venuti nel tiifo litoide della Valcbetla presso Boma, 7 1 C. Foruasini. 
I Foraminiferi della Tnladla Oryctograpbica, 85. — A. Verri. Di alciine 
divergenze col dott. C'arlo de Stefani snlla geologia dell’ Umbria siipe- 
riore, 95. — A. Verri. Divisione tra le formazioiii Liasiche, (.tiiiresi e Cre- 
tacee nei monti dell’ Umbria, 109. — A. A^erri. La valle siiperiore del 
Tevere, 114. — A. Bossi. Note illustrative alia carta geologica della pro- 
vincia di Treviso, 131. — A. Neviani. Note geologiche sui bacino del Sa- 
moggia nel Bolognese, 161. 



ADDITIONS TO THE LIBRAET. 1 33 

Eome. Societa Geologica Italiana. Bollettino. Vol. iv, (188e5). 

1886. 

E. ISicolis e C. F. Parona. Note siratigralioLe e paleontolc giche sul 
(liiira f!up('rioro della Provincia di Verona, 1. — L. Foresti. Sul Pecfen 
7iy/>7'yv‘:r ])r>derl.-Meli, 97.-- C. F()riiaphii. T(‘xtulariiia ed altri Ibrainiiii- 
tVri nella niariui luioconiea di S. Putillo presso Polngna, .102. — F. 

Salinoiraghi. Le piraiuidi di erosi(»iie. ed i terreni glaciali di zone. C^on- 
tribuzi(nie alia geologia neozoiea del laigod Iseo, 117. — F. Passaiii. Sull* 
elii degli Plrali a pesci di Casiellavazzo nel Pelluiiese, 14;i.-— (1. Iliva 
Palazzi. Jai (.leologia gli stiidi geograliei, 149. — A. Verri. Appuuti 
per la (leologia dell’ Itcalia eentnih‘, 176. — P’oriiasiiii. Lagene I'ossili 
iieir argilla giallastia di S. Pietro in Lama pre.sso Leece, 18S. — A. Toin- 
masi. Note paleoiilologiclie, 199.^ — V. T»otli. Puglia e ('^alabria, scliizzo 
geologieo, 22.*i. — 1). Panljinelli. II endaeeo di jMeiites(‘, 292. — P. Tara- 
nielli. Noll* geologielio .sul bacano idrogralieo del liiiiiie 'J'ieino, 269. — 
T. Titloni. La regione traebitica dell' Agro Sabalino e (.’eritts 6.47.— CL 
Segiieuza. T.e S|jirif('rina dei vari ])ia.ni del Idas INL'ssinese, 977. — P. E. 
i)e F('rrari. Ibdaziout^ d(41a esemvioiu^ latte alia luiuiera di lignite di 
CaslelriuoTO ])resso 8. (liuvauni, Valdariio, 529. 

. . . VoLv. Ease. 1-9 (1886). 1886. 

A. Del Prato. Linoceronte l(»ssil(‘ nd Parnu'nse, 20. — L. .Fornasini. 
II jyafdihffi /(‘(/iwicn di Liiiiieo e la Viujinulhni ekyaus di d’Orbigny, 25. 

- — A. N(‘\iaiii. Una s(!zione geolegiea da Dazzauo a Piola lungo la rive 

sijii.^tr{i del Sanioggia, .‘)L— (L I’erreuzi. Supra un baiibo di lias rossO' 
uTnuioiiilieo rii)A(uiuto lulla nioutagna di Santaeroct? pri'sso Narni, 99. — 
(L Segneiiza. Del retieo al capo di Taormina, 42. — A. Verri. Sui tuli 
dei vulcani Tirreui, 4().- A. ^ (‘rri. I>r(‘ccia graiiilica d<‘l nioulc Deruta, 
5.*J. L. IMcciardi. Sulla composizioue ebimica (Idle rocce viilcanidie di 
A^sab, 57. — A. N(‘\iaiii. Sui giacimenti dei c(‘tac(d I’ossili nd Monteleo- 
nese con indicazioni di altri liin enuti nello (4ilabri(^, (>1 . — L\ Sacco. II 
])iano ]\les.sijiian() nel Piemonte, 74.— (L Pistori. I Oostacei bracliinri o 
anoinnri del pliocemdlaliano, 9*>. — U. Fornasini. Foraminileri illustrati 
da Soldani e cilati dagli aiilori, 191. — (b Fornasini. Di alciim' Liloculino 
lossili iiegli , strati a ./Vc/cw. //?/,s7/7.c dtl I>(»]ogiies(5, 255. — F. Uavara. Lo 
...ni.... inanioso ])lioceni(*bo di Mongardino a i loro fossil', ZL 

Maviani. Descrizione dd tcu-nuii mioc(mici fra la, SeiN ia, e la Stall’ora^ 
~77. — P\ Uardiiaili. Soja-a iin masso di gneiss rinveniito nd!«‘ argillo 
jdioct'iiiche dd diiitonii di Apjiignaiio, 916. — (L TtTnuizi. II plioeene 
dei dintorni di Narni, 921. — U. I'ornasini. Sulla rf’fptfdis di 

Iteiiss, .997. — U. (lastracaiie. I trjpoli mariiii nolle valle Meta mense, 949. 

- (b Fornasini. Varirta di Lagena I'o.ssile iiegli strati a IWim hysiriT 
del Dolognt^se, 950.— ~(L Uzielli. Sopra mi cranio di Coccodrillo trovato 
nel Modi'iiese, 955." F. Saec.o. II piam) Messiniano nt,d Piemonte, 969. 
— Trottardli e A. Verri. Notizie geologiche ed amilisi cliemiche di rocee 
calcari e di pozzolane nel territorio d(d bacino del Tevere, 995. — TL Se- 
giionza. Gli s1ra,ti \\, Pasidonomifa alpiuOy Gras, ladle scrie giurassi(*a del 
1 aorminese, 402. — H. ibdilig*. Sid pliocene di Moraglia (Persia) e sugli 
eletanti lossili della Gaucasia e della Persia, 409. — 11. I’ohlig. Sopra 
una. nionogratia degli elefanti fossili della Germania e dell’ Italia, 419. — 
A . \ erri. Azione delle furze nell’ a.ssetto delle valli, con appendice sulla 
distribuzione dei fossili nella Valdichiana c noil’ Umbria interna setten- 
trionale, 416. — A. Issel. Resti di un’ antrupoide rinvenuti nel pliocene a 
I’ietm Figure, 455. — 13. Lotti. Gabbro 0 (f Eufotide?, 4(30. — A. Verri. 
Resoconto delle evseursioni, 607. 
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Eoyal Agricultural Society. Journal. Ser. 2. Vol. XNii. Part 2. 
18B(). 

Vol. xxiii. Part 1. 1887. 

Eoyal Asiatic Society of Great Britain and Ireland. Journal. N. S. 
Vol. xviii. Parts 3 & 4. 1880. 

Vol. xix. Parts 1 & 2. 1887. 

Eoyal College of Surgeons of England. Calendar, 1880. 1 880. 

Eoyal Geographical Society. Proceedings. Vol. viii. Nos, 7-12. 
1880. 

Ardagh. The Eed Sea Petroleum Deposits, 502. 

. . Vol. ix. Nos. 1-0. 1887. 

E. Naumann. The Physical Geography of .Japan, with remarks on the 
people, 80. 

E.oyal Institution of Great Britain. Proceedings. Vol. xi. Part 3. 
No. 80. 1887. 

J. Dewar. Eecent Eesearches on Meteorites, 541. 

Eoyal Meteorological Society. Quarterly Journal. Vol. xii. Nos. 
59-01. 1880-87. 

Eoyal Microscopical Society. Journal. Scr. 2. Vol. vi. Parts 
4-0 A. 1880. 

C. 1). Sherhorn and F. Clmpman. On some Microzoa from the London 
Clay exposed in the Drainage Works, I*iccadilly, London, 1885,707. 

. . . 1887. Parts 1-3. 1887. 

Eoyal Society. Philosophical Transactions, 1885. Vol. clxxvi. Parts 
1 & 2. 1880. 

G. J. lliude. On Beds of Sponge-remains in the Lower and Upper 
Greensand of the South of England, 400. 

. . Yol. clxxvii. Part 1. 1880. 

Sir E. Owen. Description of Fossil Eemaiiis, including Foot-hones, 
of Mvgalania prisca^ 027. 

. Proceedings. Vol. xl. Nos. 243-245. 1880. 

11. J. Johnston-Lavis. The Uelationship of the Activity of Vesuvius 
to certain Meteorological and Astronomical I’heiiomena, 248. — Sir E. 
Owen. Description of Fossil Eemains of two S])(‘cies of a Mcgalaninii 
Genus {Meiolania, Ow.) from Lord Howe’s Island, 015. — F. Untie v. 
Notes on Alterations induced by ITeat in certain Vitreous Itocks, 400.— 
G. Ansdell and J. Dewar. On the Gaseous Constituents of Meteorites, 
540. 

. . Vol. xli. Nos. 24(5-250. 188(5-87. 

J. Prestwich. On Underground I’emperatiTres, with Observations of 
the Conductivity of l?ocks,* on the Thermal Etiects of Saturation and 
Imbibition ; and on a Special Source of Heat in Mountain Itangcs, 1. — 
J. IVestwich, ^ On the Agency of Water in Volcanic Eruptions, with 
some Observations on the Thickness of the EartJi’s Crust from a Geologi- 
cal Point of View ; and on the I’rimary Cause of Volcanic Action, 117. — 
Sir R. Owen. Additional Evidence of the Aflinities of the Extinct Mar- 
supial Quadruped TJn/lacoleo carnifex, Ovr., 317. 
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Eoyal Society. Proceedings. Vol. xlii. Nos. 251-254. 1887. 

J. W. JVIfiliett. On the Occurrence of Silver in Volcanic Ash from the 
Eruption of Cotopaxi of Jul)^22 and 23, 1885, 1. — W. 0. Williamson. 
Note on Lepidodendrou Harcoartii and h. fulujino&um^ Will., 0. — VV. 0. 
Williamson. On the Organization of Eossil Plants of the Ooal-measiirt^s : 
Ileterangiuin tiliaioides^ \\ ill., and Kvdo.vtflon Ilookerif 8. — J. W. Ilidke. 
Sup}>lenimitary Note on Polacmitkm Fo.viif describing the Dorsal and 
some parts of the Endoskeleton imperfectly known in 1881, IG. — II. G. 
Seeley. On Proterosaanis Sjieneri (Von Meyer), 80. — T. II. Huxley. 
Preliminary Note on the Fossil llemains of a Ohelonian Iteptile, Ckrato- 
chelys sthenurus, from Lord Howe’s Island, Australia, 232. — E. Hull. 
Note on Dr. G. .1. H hide’s Paper “ On Deds of Sponge-remains in the 
Lower and Upper Greensand of the South of England,” 304. — E. T. 
Hardman. Note on Professor Hull’s Paper, 308. 

llugby. Eughy School Natural History Society. Eeport for the 
Year 1886. 1887. 

St. Petersburg. Academie Imperiale des Sciences. Bulletin. 
Tome XXX. No. 4. 1886. 

F. Schmidt. Ueber einige neue ostsibirische Trilobiten und verwandte 
Thierformen, 502. 

. . . Tome xxxi. Nos. 2-4. 1886 & 1887. 

N. de KokcharoflT. Mursinskit, nouveau mm6ral, 450. — C. Zahalka. 
Sur les PhymaiellcH des couches crdtac^es en Doheme,404. — A, Karpinsky. 
Contributions a la connaissance geologique du gouvernement do Pskow, 
473. — A. Karpinsky. Sur quelqiies roclies metamorpJiiqiies de I’Oural 
contenaiit le graphite et le greiiat, 484. 

. . Memoires. Ser. 7. Tome xxxiii. Nos. 6-8. 1886. 

E. Mojsisovics vuri Mojsvar. Arktische Triasfaunen, No. 0. — J. Lahn- 
sen. Die Inocoramen-scliichteii an deni Olenek und dor Lena, No. 7. — 
F. Schmidt. Eevision der ostbaltiscLen siluiischen Trilobiten, No. 8. 

^ ^ ^ Ser. 7. Tome xxxiv. Nos. 1-13. 1886. 

A. Stuckenberg. Materialieii zur Kenntniss der h'amia der devo- 
nischen ablagerungen Sibiriens, No. 1. — A. Struve. Ueber die Schiclit- 
enfolge in deii (Jarboriablageruiigen im slidliclien Tlieil des luoskauer 
Kohlenbeckeiis, No. 6. — N. v. Kokscharow. Die etwas niihereu IJestim- 
mungen der Waliiewit-Krystalle von der Grube Nikola j e-Maxim ilianowsk, 
No. 10. 

Sdr. 7. Tome xxxv. No. 1. 188 

Salem. Peabody Academy of Science. 19th Annual Eeport. 
1887. 

Sanitary Institute of Great Britain. Transactions. Vol. vii. (1885- 
8 ()). ] 886 . 

J. D. Paul. On the Valley of the Soar, 261. 

School of Minos (Eoyal). Magazine. Vol. i. No. 3. 1877. 

Presented hy W, Whitaker^ F.G.S. 

. • Vol. ii. Nos. 1 & 2. 1877-78. Presented hy W, 

Whitaker, Esq,, F.O.^S. 

C. L. Morgan. The Drift of Brazil, 3. — H. Louis. On the Copper 
Deposit at New Annan, 66. — W. H. M. Our Isle of Wmht Geological 
Trip, 77. fe b 

Scientific Nows. Vol. i. Nos. 1-5, 1887. 
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Shanghai. China Branch of the Boy al Asiatic Society. Journal. 
N. S. Vol. xix. Part 2. 1880. 

. . . . Vol. XX. Nos. 5 & 6. 1885. 

. . . . Vol. xxi. Nos. 1-4. 1880 & 1887. 

Society of Arts. Journal. Nos. 1753-1779. 1880, 

. . Nos. 1780-1804. 1887. 

Society of Biblical Archaeology. Proceedings. Vol. viii. 1886. 

Society of Medical Officers of Health. Transactions. Session 1885 
-86. 1880. Presented hy W. Whitalcer^ Esq., F.G.S. 

W. Eassie. On the Waters derived from the Bagshot Beds, considered 
as Drinking Supplies, 122. 

Stettin. Verein fiir Erdkunde. Jahresboricht, 1880. 1887. 

Stockholm. Gcologiska Foreningen. Forhandlingar. Band viii. 
Hiifto 5-7. 1880. 

O. Ournadiiis. Ocksf?, et bidrag till historikon (ifvw de geologiska 
undersokningarne i Sveriges fjalltra.kt.ei% .‘>8.‘h — If. Sjiigren. Meddelando 
orn slamviilkaiierna i Baku, 4i (k — A. Sjiigren. Mineralogiska iKdiser, Xl., 
430. — A. E. Tdrncholuu. Karakleristik af hergartsprof, insamlade tif d('n 
sveUsska expoditionen till Griiiilaiid ar 1883, 4*3]. — A. E. Nordenskitild. 
Mineralogiska bidrag, 442. — Ilainjms von Post. Kalgraiiit im^d berg- 
beck, 453. — K. Pottei’son. Nolilser vt‘drdreiide den nord-norslre fjoldbyg- 
ning, 459. — M. ITiriakoff. Om ett fynd af (jvicksiltVerniahn i distriktet 
Bachmut, guvernementcd Jekaterinoslaw, 470. — Sjogren. JMineralo- 
giska notiser, XIl., 473. — A. IlainlxTg. AnatavS oeli titanit pS riitil fnln 
apatit{brekonist(m vid Kragero, 475. — 1^. .1. Igelstroiii. ^^inol•alogi^^ka 
meddelauden, IV. & V., 477. — M. AVeibull. Om inanganapatit frSii Ves- 
tanS jemto nagra anmavkningar iifver apatiteiis sainmansattniiig, 492. — 
M. Weibiill. Om lluoeeriten fruii Osterby i Dalarne, 49(1. — (1. 1)(‘, (h^er. 
Om vindnotta stenar, 501. — T. Eegrmus. Sands] ipadc stenar Iran Gotska 
Sandcin, 514. — E. Svcdmark. SiniiiTo ineddclandcn, 519. 

. . . Band IX. Hiiftc 1 -4 ( 1SS7). 1887. 

A. G. lldgbom. Oni seknlara hdjning(‘n vid Vesteibottens kust, 19. — 
A. E. Nordenslfiold. Mineralogiska bidrag, 29. — A. Eneroix. Mikro- 
skopisk undersokning af tbanmasit, .35.— T. Nordstrom. Sveriges malm- 
ocb metall-produktion, 1885, 37. — O. Gnm.nf^liu.s. Samling af nuder- 
rattelser om jordstotar i Sverige, 42. — E. Erdmniin. ( )m eii djiipborr- 
ning med diamaiitborr hir sokaiid(; efter steiikolstillgrmgar i Scliwc‘iz, 58. 
— B. Santesson. Nickelinalmfyndigbeteii vid KitdVa, (50. — A. G. Na- 

thorst. Till fnigan om de skanska di.slokatiom^rnas ald('r, 74. — K. Ber- 
trand. Thaurnasitens optiska eg(‘uskaj)er, 131. — 10. Svedmark. Smarre 
ineddelandeu, II., 131. — A. Sjogren. Auteckniugar i praktisk geognosi, 
IV., 140. — G. Nordenstrom. Om anvandning af dianiantbornnaskiner fiir 
malmfyndig-heters undersokning, 151. — 0. W. Blomstliand. Analys af 
cer- och ytterfosfater Mil sodra Norge, ett bidrag till fragan om dessa 
mineraliers kemiska bjggnad, 100. — E. Svedmark. OrograHska studier 
inom Roslagen, 188. — II. von Post. A^tterligare om nickelinalmfyndi- 

f heten vid Klefva, 215. — A. G. Nathorst. En ny teori om de svenska 
lippbackenas uppkomst, 221. — T. Nordstrom. 6m utstrackningen af 
begreppet malm, 230. — 0. A. Vrang. Fynd af svartmalm med starkt 
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utpraglad mafrnetisni, 243. — C. Brogger. Forelobig meddelelse om 
inineralerne pfi do syduorske augit- og nefclinsyeniters grovltornige gange, 
247. — J. Jdii>’son. Bidrag till kaniiedomen om vSra plastiska lerors an- 
vaudbarliet, 27o. — II. Keuscb. Om systematlsk indsamling af jord- 
skjjelvsiagttagelser paa den skandinavisko halvd, 270. 

Stuttgart. Neues Jabrbuch fiir Mincralogie, Goologie uud Palaon- 
tologic, 1<S80. Band ii. Hcfte 2 & 3. 1886.^ 

L. Langemann. Beitriige zur Kenntnisa der Mineralien Ilarmotom, 
Phillipsit, und Desmin, 83. — B. Stiirtz. Ueber palooozoiacbe Seesterne, 
142. — N. Andriissow. Ueber zwei neue Isopodenformen aus neogenen 
Ablagerungeii, 153. — .T. Siemiradzki. Ueber Anortliitgesteine von S. 
Thomas (Antillon), 175. — K. von Chrustschoff. Ueber einen eigenthiim- 
lichen acceasoriscben (lemengtbeil des Granitporphyrs von Beucha und 
des Phonoliths von Olbriick, 180. — A. Kenngott. "Krystal Igestalten des 
Eises : Formel des Manganostibiits, 184. — B. Ileclit. Ueber Prisraen, 
welclie zur Bestimiiiung von Brechiingsindices durch Totalreflexion dienen 
sollen, 180. — A. E. Tbrntdiohm. Ueber das Vorkommen nephritartiger 
Gesteine in Schweden, 101. — E. Ilaug. Ueber die systematiscne Stellung 
der Gattung Zurcheria, Douv., 103. — ]<]. W. Benecke. Ueber eine 
Ophiure aus dem englisclum llhiit, 105. — O. Herrmann. OletscbersclilifEe 
auf der nordsacbsischen Grauwacke rechts der Elbe, bei Liittecliau zwi- 
schen (.1 roasenliain und Zamenz, 200. — S. Nikitin. Ileber die Beziebun- 
gen zwischeii <\ov russischen und dor 'svosto-uropaiscdien Juraforination, 
205. — A. von Kunen. Ue^ber ncuo OystidiMUi aus den ('^aradoc-Sc'hich- 
ten der Gegend von Montpellier, 240. — A. B. Meyer. Ein dem Nephrit 
mineralogiscli naliestelicndoa Aktinolithgestein aus d(‘r Byllshytte-Kom- 
pani-Grub(^ in Dnlecarlien, 255. — A. Catlirein. Petr efactenf undo bei 
Brixlegg in Tirol, 257. 

. , 1887. Band i. Hefi,c 1-8. 1887. 

M. Bauer. Beitriige zur Mineralogie, V., 1 . — B,. Braun.s. Zur Frage 
der optiselieii Anonialieii, 47. — C. Schmidt. Diabasporpbjnlte und Me- 
lapliyre vom Nordabhang der Schweizer Alpen, 58. — M. Niuimayr. Ueber 
die Bezielmng zwiselien der russisj-hen und der westeuropaisclien Jura- 
forination, 70 . — A. Beutell. Ueber Prohnit von Slriegau und Jordans- 
miihl in Schlesicm, 80. — F. Sandberger. Weite Verbreitung des .Tods in 
Phosphoriten, &c., 05. — A. Streng. Ueber die in den Graniten von Ba- 
veno vorkorainenden Miiieralion, 08. — G. Vom Bath. ITcUer den Aus- 
bruch des Tarawcra auf Neii-Seelaiid 10 .Tuni, 1880^ 101. — F. Sandberger. 
Benierkungen Liber den Silbergebalt des Glinirnors aus dem Gneisso von 
Schapbach und des Augits aus dimi Diabase von Andreasberg am Harz, 
111 . — A. Cathreiii. Ueber den Proterobas von Leogang, 11 3\ — F. Bomer. 
Ueber II. v. Meyer’s MaModon Jlmiiboldli^ Ouv. P, aus Mexico, J14. — - 
A. Osann. Ueber Azorit und Pyrrbit, 1 15. — W. 1 )anics. Entgegnung an 
Herrn Dr. Carl Diener, 110. — P. ('hoffat. Kreideablagerungeri an der 
Westkuste von Siidafrika, 1 1 7. — C. Cohen. I’eber Speckstein, Pseudopliit 
und dichten INIuscovit aus Siid-Africa, 110. — L. Darapsky. Ueber einige 
chilenische Alauiie, 125. — B,. Brauns. Uebf'r Winkelsdiwankiingen iso- 
troper und doppeltbrechender regularer Krvstalle, 138. — A. Catlirein. 
Beitriige zur Petrographic Tirols, 147. — F. Kdnier. Gmptocarcinvs ie3> 
anmj ein Braehyure aus der oheren Kroide von Texas, 173. — B. Hiiiisler. 
Die Lageninen d(T schweizerischeu Jura- und Kreideforraation, 177. — 
R. ITausler. Bemerkuugen iiher einige liasische Milioliden, 100. — O. 
Miigge. Ueber Gelenksandstein ” aus der Unigegend von Delhi, 105. 
— G. Vom Rath. Ueber Cristobalit vom Cerro S. Cristobal bei Pachuca, 
Mexico, 198. — C. Klein. Optisebe Untersuchung zweier Granatvorkom- 
men vom Harz, 200. — F. Graeff. Laavenit im brasilianischen Elseo* 
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lithsyeuit, 201. — H. Trautscliold. Ueber Oli^ociiii am Ostabliaiig dos 
Ural, 20.‘}. — K. von Chruatscliolf. Ueber geliui'^ene Versuolie zur Uar- 
stellung des Qiiarzes auf iiassem und dt\s Tridyiiiits aiit‘ troelveiioni Wet^e, 
205. — K. von (dinistsclioir. .Heweis fiir den iirspiMinjrlicli 1 1 valium a^nui- 
tisehen Ziistand gewisser eoliter Granite und granitartigvr Ge^ittums 
— J. (lutz. Ueber Andaliit^it aus den krystallinen Seliii'l'ern von Mura- 
bastad, Transvaal, 211. — J. Slriiver. Uebe^r Gastaldii niid Giaukoplmn, 
21»‘l. — B. Ileolit. Ueber die Moditikation, welche die Neigiing der Greuze 
der Totalrellexion bei Ikmutzung der Wollaston’scilien Methode dureli 
den Austritt ana dem Prisma erleidet, 21<S. — C. Oeliseniiis. JMiosplior- 
sauregelialt des Natron sal] x'bn-s, 221. — G. Klein. Btdeiiehtung und Zii- 
rlickweisimg einiger gvgen di<^ Lelirti von den n])tiselieii Anoinalitm erlio- 
benen Tlin wend ungen, 22.*k — P. Sandberger. Ueber oinen neueii IVk'ky- 
podeii aus dem nassauiscben Unterdevon, 247. — 11. B. Patton. 1 lorn- 
blende, Oligoklaa, und Titanit aus Drusenraumen iui Scliriealieimer Diorit, 
201 . 

Stuttgart. Neiies Jahrbuch fiir Mincralogio, (jeologie und Paliion- 
tologic, 1887. BeiUige-Band iv. Heft 3. 1880. 

n. Keiisch. Ueber den Tysnesmeteorit und drei andere in Skandinavien 
niedergefiillene Meteorsteine, 473. — IT. Schedtler. Experirnontelle I Tnter- 
suchung iiber das elektrische Verlialten des Turinalins, 510. — G. Miigge. 
Ueber einige (4esteiue des Massai-Landes, 570. — C. ilammelsberg. Ueber 
die Gruppe des Skapoliths, 010. 

Beilage-Band V. Hcftl. 1887. 

II. lleuscli. Geologiache Beobacbtimgen in einem regie nalmetamor- 
phosirten Gebiet am Ilardangertjord in Norwegen, 52 . — \W Voigt. Be- 
stimmung der Elasticitata-Constanten von Ikuyll und Ik'rgkry stall, 08. — 
J. Bosscha, jun. Ueber den Meteorit von Karang-Modjo odor Magetan 
auf Java, 120. — E. Cohen. Geognostisch-petrograpliische Skizzon aus 
Siid-Afrika, II., 105. 

. Pala)ontograi)hica. Band xxxii. Lief. 4-0. 1880. Ihir- 

chased, 

M. Blanckenhorn. Die fossile Flora des Buntsandsteins und des Mus- 
chelkalks der Uingegcnd von Coinmern, 117. — J. Waltlnu’. Untersiioh- 
ungen iiber dem Ban der Orinoiden mit besondcrer Beriicksiditigung der 
Formen aus dem Solenhofenen- Scliiefer und dem Ivellieimer 1 Heeraskalk, 
155. — E. lliefstahl. Die Sepieiiscliale und ihre Beziehnng zu dtm Belem - 
niten, 201. — G. Boger. l)inothrrium havaricum, II. v. Meyer, 215. 

— E. Fraas. Die Astenen des Weissen Jura von Scliwaben und 15*anken 
mit IJntersuehung iiber die Structure der Echinodernien und das Kalk- 
geriiste der Asterien, 227. 

. . Band xxxiii. Lief. 1-0. 1880. Purchased, 

A. Rothpletz. Geologisch -pal lion tologisclie Monograpliie der Vilser 
Alpen, mit besonderer Beriicksifliiigung der Bracfliiopoden-Systeniatik, 
1. — J. Schnialliausen. Ueber tertiiire IMlanzen aus dem Thale des 
Flusses Buchtorraa am Fusse des Altnigebirges, 181. — G. C. Laube und 
G. Bruder. Ammoniten der bohmischen Kreide, 217. 

Swansea. South-Wales Institute of Engineers. Proceedino-s 
Vol. xiv. No. 0. 1880. ‘ 

- Vol. XV. Nos. 1 & 2. 1880. 

H, Laporte. Notes on the Coalfields and Coal Industry in Belgium, 
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Sydney. Lijinean Society of N'ew South Wales. Proceedings. 
Vol. X. Part 4. 1886. 

F. Ilatte. On some remarkable Crystals of Sid(3rito, 758. 

Ser. 2. Vol. i. Parts 1-4. 1886-87 

F. W. ITiitton. The INIollusca of the I’aroora and Oainaru Systems 
of New Zealand, 205. — F. W. Hutton. Notes on some .Vustriilian Ter- 
tiary Fossils, 481. — ,1. Stirling. On some Further Evidences of Gla- 
ciation in tile Australian Alps, 48d. — W. Stephens. Notes on tlu‘ Itecent 
Eruptions in the Taupo Zone, New Zealand, 513. — W. Stephens. Note 
on a Labyrinth odont Fossil from ( cockatoo Island, Port Jackson, 931. — 
F. Rattc.* Notes on Australian Fossils, 1064. — W. J. Stephens. On 
the Biloela Labyrinth odont, 1112. — W. J. Stephens. On some addi- 
tional Labyrinthodont Fossils from the IlawktiSDury Sandstone of Now 
South Wales, 1174. — J. jMilchell. Notes on the Geology of Bowning, 
N. S.W.,1192. 

. . Record of Proceedings, Oct. 31, 1885. 8vo. 1886? 

. Royal Society of New SouthWales. Journal and Proceedings 

for 1885. Vol. xix. 1886. 

II. C. Russel. Presidential Address, 1. — II. 0. Russel. Local Varia- 
tions and Vibrations of the Earth’s Surface, 51. — S. 11. Cox. Notes on 
the Characters of the Adelong Reefs, 135. 

Tokio. College of Science, Imperial University, Japan. Journal. 
Vol. i. Part 1. 1886. 

B, Kot6. A Note on Glaucophane, 85. 

. . . Vol. i. Part 2. 1887. 

. Imperial University of Japan (Teikoku Daigaku). The Cal- 
endar for the Year 1886-87. 1886. 

. Seisraological Society of Japan. Transactions. Vol. ix. 

Parts 1 & 2. 1886. 

C. G. Knott. Earthquake Frequency,! (part 1).— John Milne. The 
Volcanoes of Japan, 1 (part 2). 

. ^ . . Vol. X. 1887. 

J. Milne. On a Seismic Survey made in Tokio in 1884 and 1885, 1. 
— J. Maegowan. Earthquakes in China, 37. — T. W. Kingsmill. Notes 
to accompany some Theorems in the Dynamics of Geology, 47. — Seikei 
Sekiya. Earthquake Observations of 1885 in Japan, 57. — Seikei Sekiya. 
(Catalogue of 482 Earthquakes in 1885, 65. — Earthquake (Catalogues for 
1881-85, 83. — (Catalogue of Earthquakes (May 1885 to January 1887), 

Toronto. Canadian Institute. Proceedings. Series 3. Vol. iv. 

Fasc. 1. 1886. 

T. N. Dale. New England Upper Silurian, 69. — A. O. Lawson. 
Gneissic Foliation, 115. 

Toulouse, Societc d’Histoire Naturelle. Bulletin Trimestriel. 

19® Annee (1885). 1886. Sheets 15-22, concluding the vol. 

20® Annee (1886), .Tan.-Dec. 1886. 

.1. Kiihn. Recherches sur les Ophites des Pyr^n^es, 16.3. 

VOL. XLIII. 
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Turin. Ileale Accademia (Idle Scienze. Atti. Vol. xxi. Disp. 4. 
1886. 

. . . Yol. xxi. Disp.6, 7. 1886. 

E. Mattirolo. Sulla Natrolite di Moiitocatini, Val di Cocina, 848.- I<\ 
Sacco. Intorno ad aiciirie impronte or^aniche d(d terreni torziai i del 
monte, 927. 

. . . Vol. xxii. Disp. 1-11. 1887. 

G. Spezia. Sulla fusibilita dei minerali, 410. — E. Sacco. Studio goolo- 
gico del dintorni di Voltaggio, (>13. 

IMcmorie. Scrie 2. Tomo xxxvii. 1880. 

L. Bellardi. I Mollusclii dei terreui terziarii del Piemonte e della Li- 
guria, Parte iv., 3. — P. Sacco. Eauua lualacologica dclle alliivioiii plioceii- 
iche del Piemonte, 1()9. — A. I'ortis. C^atalogo doscrittivo dei Talast^oterii 
rinvenuti nd terreni terziarii del Piemontt^ e della Liguria, 247. — A. de 
Gregorio. Foswili del Giura-Lias (Alpiiiiauo, De Greg.) di Segaii e di 
Valporo (Cima d’Asta e Monte Grappa), 451. — A. de Gregorio. Nota 
intorno a taluni fossili de Monte Erice di Sicilia del piano Alpinianio, De 
Greg. ( = Giura-Lias auctorum), e precisamente del sottorizzonte Grap- 
pino, De Greg., ecc., 665. 

. Osservatorio della Regia Universita. Bollettino. Anno 

20, 1885. 1886. 

University College Calendar, Session 1886-87. 1886. 

Victoria Institute. Journal of the Transactions. Vol. xx. Nos. 
78-80. 1886-87. 

. . Vol. xxi. No. 81. 1887. 

E. Hull. Notes on some of the Results arrived at by Members of the 
Expt'dition stmt out by the Committee of the Palt*sliiu} Exploration Fund, 
in 1883-84, to Arabia Petraia and Western Palestine, 11. 

Vienna. Reitriige znr Paliiontologio Oesterreich-Ungarns nnd 
des Orients. Band v. Heft 3. 1886. PnnhasecL 

F. Wabner. Beitriige zur Kenntniss d(u* tieferen Zonen des unteren 
Lias in den nordtislliehen Alpeii, 37. — A. v. Allh. Ueber die Zusam- 
mengeborigkeit der den lischgattungeii Pfereifij/tSy Cyathaspis^ und /SV«- 
phaspis zugescliriebentm Schilder, (il. 

. Kaiserliche Akademic der Wissenschaften. Anzeiger 1886 

Nos. 15-27. 1886. 

0. v. Ettingshausen. Beitriige zur Konntniss der Tertiiirflora Austra- 
liens, 177. 

. . , 1887. Nos. 1-8. 1887. 

0. v, Ettingshausen. Beitriige zur Kenntniss der fossilen Flora Neu- 

setdands, 1. — ^M. Wilckens. Ueber ein Fossiles Pferd I’orsiens, 42. F. 

Becke. Atzversuche am Pyrit, 45. 

. . Denkschriften. Band 1. 1885. 

Ahtheilung I. 

C. V Ettingshausen. Die fossile Mora von Sagor in Krain, 1. M. 

Neumayr. Die geographiscLe Verbreitung der Juraformation, 57. 

Ahtheilung II. 

F, Toiila. Geologische Untersnehungen in der “ Grauwackenzone ’’ 
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der nordoatliclu‘n Alpen, 121. — G. Bruder. Die Faima der Jura-Abla- 
gerunj? von Holinstein in Sachsen, — F. Toiila und J. A. Kail. Ueher 

einen Krokodil-Schiidel aus den Tertiarablageriingen von Eggenberg in 
N iederosterrcicl 1 , 21)9 . 

Vienna. Ivaiserliche Akademic der Wisscnschaften. Sitzungs- 
berichto. Mathematisch-natiirwissenscballliclie Classc, 1S84, 
Band xci. Heft 5 (1885). 1885. 

. . . ,1885. Bandxcii. Hefte 1-5 (1885). 

1885^-80. 

C. Proliaska. Feber den Basalt von Kollnitz im Lavantthale und 
dcssen glasigo cordicritfiihrende I']inschliisse, 20. — C. W. C. Fuchs. 
Statistik der J<>dbeben aou 1)S< >5-85, 215. — O. Diener. Die Structur des 
Jordanquellge bides, (.v>3. — C. Zahalka. tleber IsorapJmna iexta^ Bom. 
sp., und ScytaUa partusaj Beuss sp., aus der Umgebung von Rfiudnitz a. 
E. in Bdhmen, 647. 

. . . . Band xciii. Ilefte I -8 (1886). 1886, 

G. Bruder. Neue Beitriige zur Kennlniss der Juraablagerungen im 
ndrdlichen Bohmeii, 193. 

. K.-k. Bergakadcniieii zu Leobon und Pribram und der 

kdniglich-ungarischc Bergakademie zu Schcmiiitz. Berg- und 
Hiittonmannisches Jahrbuch. Bandxxxiv. Ilefte 2-4. 1886. 
De Charcourtois, Lalleniand, und Ohesneau. Ueber das Studium der 
Bewegungen der Erdrinde mit Bucksicht auf deren Bezieh ungen zum 
Auftreten schlagondor Wetter, 298. 

Band xxxv. Heft 1. 1887. 


. K.-k, geologische Beichsanstalt. Abhandlungen. Band xii. 

Kos. 1-4. 1880. (New vol. xii.) 

L. Tauseh. Ueber die Fauna der nicht inarinen Ablagerungen der 
oberen Kreide des Csingerthales bd Ajka im Bakony (X'eszprimor Comi- 
tat, Ungarn) und iiber einige Conebylien der Gosaumergel von Aigen bei 
Salzburg, 1. — 1). Stur. Boitrag zur Kenntniss der llora des Kalktuffes 
und der Kalktuff-Breccie von Hotting bei Innsbruck, 33. — M. Vacek. 
Ueber die Fauna der Oolitho von Cap S. Vigilio, verb unden mit einer 
vStudie iiber die obere Liasgrenze, 57. — G. Geyer. Ueber die liasischen 
Cephalopoden des Ilierlatz bei Ilallstadt, 213. 

. . Jahrbuch, 1886. Band xxxvi. Ilefte 2-4. 1886. 

J. Wallher. Vulcanisclic Straiidiiiarken, 295. — A. TI. Schindle^r. Die 
Gegend zwischen Sabzwar und Meschhed iii Iku'sien, 303. — F. I^owl. 
Spalten und Vulcane, 315. — F. A^on Hauer. Bemerkuiig zu Dr. A. 
Brezina s Abhandlungen : Die Meteoritensammlung des k.-k. miueralo- 
gischen Hof cabinets in Wien am 1 May, 1885, 326. — C. von .Tolm und 
ll. B. von Foullon. Arbeiten aus dem chemischen Laboratorium der 
k.-k. geologischen Beichsanstalt, 329, — F. Freeh. Ueber eiu neues Lias- 
vorkommen in den Stuhaier Alpen, 355. — H. ZapaloAvicz. Eine geolo- 
gische Skizze des dstlichen Theiles der Pokutisch-Marmaroschor Grenz- 
karpathen, 361. — S. Polifka. Beitrag zur Kenntniss der Fauna des 
Schlern-Dolomites, 595. — H. Sjogren. Beitriige zur Kenntniss der Erz- 
lagerstatten von Moravica imd Dognacska im Banat und Vergleichung 
derselben mit den schwedischen Eisenerzlagerstiitten, (507. — J. v. Siemi- 
radzki. Studien im polnischen Mittelgebirge, 669. — E, Tietze. Beitriige 
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zur Gcolome von Galizien, 081. — F. Toula. Geolojjii^che Notizon mis dem 
Triestingtliale, 009. — F. Teller. Ueber porphyritische Kruptivgesteine 
aus den Tiroler Central-Alpen, 715. — II. v. Foullon. Ueber Porphyrite 
aus Tirob 747. 

Vienna. K.-k. geologische Fcichsanstalt. Vcrhandlungon, 1880. 

IS'os. 7-18. 1880. 

G. 0. Laube. Ueber bdlmiiscbe Kroide-Aminoniten, 152. — J. Blaas. 
Ein Beitra^ zn den pseud onlacialen ” b'.rschoiriiuigen, 155. — E. v. Moj- 
sisovics. Vorlage d(\s Werkes “ iVrktische Triasfaiinen,” 155. — F. Wiili- 
ner. Zur heteropiscbeu Dilll'srenzirnng des alpinen Lias, 108, 190. — J.N. 
Woldfich. Baliiontologisclie Beitnige, 17(>. — L. v. Taiiscb. Ueber die 
Beziebungen der Fauna dor nicht-inarinen Kreidt'bildurigen von Ajka 
im Bakony zu jeiier der Laraniiebild ungen Nord-Am(‘nkas, 180. — F. 
Toula, Mittelneocom am Nordabluinge des grossen Fldsscdberges bei 
Kaltenleut-geben, 189. — 0. v. John. Ueber die Andesite von llzegocina 
und Kainionna bei Boclmia in Wesigalizien, 213. — II. Ijerhleitner. Die 
Kreide von Bletzacli (Ladoi) auf dem Sonnenwendjoche bei Brixlegg, 
21 5. — K. F. Fraunscher. Geologisclics aus Egypten, 21 (>. — K . von Ohrust- 
scliotf. Mikrolithologische Mittlieilimgeii, 230. — C. M. Paul. Aufnahms- 
bericbt aus der Gegend zwisclicn Biolitz-Biala und Andrychau, 239. — 
V. Uhlig. Ileist3berielit aus der Gegend von Ti^scben und Saybusch, 240. 
L. V. Taiisoh. KeiaolMu-iclit aus Saybuscb, 241.- A. Bittner. Aus den 
Umgebungeii von Windischgarsten in Gberilsttu’reicb und Palfau in Gber- 
steiennark, 242. — G. Geyfjr. Ueber da.s Sengstuigebirge und deren ndrd- 
licbe Vorlagen, 247. — II. L(‘(ddeitiu‘r. Zur liofangruppe, 257. — II. Lecb- 
leitner. Das Sonnen’wendjocbgebirge bei Brixlegg, 201. — E. Palla. lle- 
ciente Bildung von Markasit in Inkrustationen im Moore von Marienbad, 
2()(). — Teller. Dio siluriscbcii Ablageriingen d(‘r Gst-Karawanken, 
2()7. — It. Scliarizer. Der erste dstorreicliiscbe Monazitfund, 283. — C. M. 
Paul. Aufiiabinsborioht aus dor Gc'gtuid zwischon Bitdilz und l\^sc‘ben, 
284. — F. I'eller. Ein Zinnoberfubrender llorizont in d(*n Silur-Ablager- 
ungon d(‘r Karawankon, 285.- 0. v. (bimorlander. Keisebericbt aus 
W(3sts(*lilosion, 294. — A. Oathroin. Zur Glir^dorung dos rotlum Sand- 
sleiiios, 307. — A. Piclilor. Voin Sonuenweudjocb, 31 1 . — V. Uhlig. Iteise- 
beriolit aus dor Karpatliensandstein-Zoiie SchJesiens, 3>15. — L. v. Tausoh. 
Keisebericbt aus dtu’ Gegend von Saybuscb, 31 7. — b\ Kduier. Ueber eiuen 
beiuerkonswerlhon Fund von Granat-Krv.stallen auf der Doininsel in 
Breslau, 328. — F. Sandberger. Ikiiiiorkungeii iib(T fossilo Concliylien 
aus dem Susswasserkalke von Loobe^sdort, 32>1. — C. v. Canuirlander. 
Keisebericbt aus Westsclilesien, 332. — M. Neuinayr. J uraablagerungen 
von Waidlioftm an der Ybbs, 348. — p]. Doll. Feber einen Kiesen- 
pegmatit bei I’isek, 351. — Pk Doll. l*vrit naob Turnialiu, eine neue 
Rseudoiuorpbose, 355. — C. v. Cauierlander. Pun Korundvorkoiiimen iu 
nordwestlicfben Scblesion, 35(>. — C. AV. v. Giimbel. Kurzo Bemerkung 
iiber die Nummulitonschichten am Nordrande der Alpen, 307.- F. ller- 
bieh. Ueber Kreidebildimgen der siebcnbiirgischeii Ostkarpathen, 308. — 
A. BittncT. Die iioueston Wandluugeii in den modernen Ansichten iiber 
Gebirgsbildung, 374. — D. Stiir. A^orlagc des ersten fossilen Schiidels von 
Ceratodus aus den obertriadiscben Keingrabner Schiefern von Piilzberg 
iiiirdlich bei Lunz, 381. — D. Stur. Obercarbonische Pflanzenreste voin 
Bergbau Ibdchenberg bei Assling in Gbeikrain, 383. — G. Staclie. Ueber 
das Alter von bobnerzfiihrenden Ablagerungen am Monte Promina” in 
Dalinatien, 385. — A. Bittner. Neue Petrefactenfunde im Werfener 
Scbiefer der Nordostalpen, 387. — G. Bukowski. Mittheilung iiber eine 
neue .lodquelle in der miociinen liandzoiio der Karpathen und iiber Algen- 
fuude in d‘in wasserfuhrenden Schichten. 391. — F. Sandberger. Die fos- 
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silen Biniien-Conchylien des ITornsteins von Dukovan bei Oslawau in 
Mahreii^ 403. — F. Toula. ITebor ein neuea Vorkommen von Kalkes der 
sarmatiHclien Stiife am Thebener Kogel, 404. — F. Toula. Uober das Vor~ 
kommcn von Congerien-schichten am Tlimdsheimerberj^e zwischon Tluiid- 
Hlioim iind Tlainbiirg, 405. — A. Ilzehak. Dio Conoliylieiifauna des mari- 
iieii Saiides von llcboscliowitz in Mabreii, 40(i. — J. N. Woldricb. Zur 
diluvial Fauna der Stramborger Tldhlen, 407. — A. M. Lomnioki. Dio 
tertiaro Siisswasserbildunpf in Ost^alizien, 412. — D. Star. Vtjrlage der 
von Dr. Wiibner aus Persion mitp(d>racbten fossilen Plianzen, 431. — E. 
Tietze. Ileitra< 7 e zur (leolo^ie vou Clalizien, 430. — V. Ilhlig. Uober ein 
Juravorkommen vom Ber^*e Ilolikopetz bei Tvoritsc-lian im miilirisclien 
]M ar.sep:ebir^e, 430. — V. ( Joldvschmidt. Ueber das specifiscbe Gewiebt von 
Mineralitai, 43>0. — A. Biitjier. Ueber die weitere Verbi'oitunp: der Il(iicb- 
enbalbui Kalke in d(U] nordiistlic.luMi Kalkalpen, 445. — A. llofinann. 
VorUiufjg-e MiUb(dlun«' iiber neiu‘re Fiinde von Saiin:etbierrester) von 
Gdriacli, 450. — J. N. 'VVoldriob. Ueber das Vorkominen eini^er Mine- 
ralien in Siidbiibmen, 453. — M. Vaeek. Ueber die g-eolofrischen Verbiilt- 
nisse des Flussgebieles der iiiiteren Miirz, 455. — II. B. v. Foullon. Ueber 
neii einj^elan^te Minerale, 4(>4. 

Vienna. K.-k. jroolop^ische llcichaiistalfc. Verbandliing^en, 1887. 
Nos. 1-8. 1887. 

F. Homer. Nacbtraglicben DaPm zu dem Granatent’unde auf der 
Doininsel, 42. — G. Giiricb. FanacbUiase von <>’(n*i)llarti‘ 2 :er Form aus Stein- 
kobleiiflotzen von Oberscblesi('n, 43. — F. v. Saiidber^(‘r. B(unerkiing-on 
zii dtui ueueren Verofrentliebunfrmi liOmnicki’s iilx^r dii‘ tertilircMi Braek- 
und Siisswasserbildunpfeii Galiziens, 45. — A. Picliler. Zur Geolof^ie der 
Kalkfj'obirge slidlicb von Innsbruck, 45. — G. 0. Laubc^ I'inittubremier 
Granitporpbyr von Baitzenluiiu, 47. — L. Teisse.yre. Notiz iiber einige 
seltenere Ainrnoniteii der Boliner Oolitbe, 48. — F. Kraus. Ueber Do- 
linen, 54. — 0. M. Paul. Geologische Karte der Gt^gend zwiscben Andry- 
chaii und Tescdien, 03. — E. Tietze. Uebtu’ recente Niveaiiveriindcrungen 
auf der Insol Paros, 03. — 0. v. Camerbiiider. Zur Geologic dt^a Granulit^ 
gobietes von Pracbatitz, 00. — ^E. Tietze. Noch ein Wort zu Dr. Diouer’s 
Libanon, 77. — A. Bittner. Zur Verbreitung der Opponitzer Kalke in den 
nord.steiriscben und in den angrcnzenden oberdsterreicbiscben Kalkalpen, 
81. — A. Cathrein. Ueber Augitporphyr von Pillerseci, 86. — A. Rzebak. 
Die b5)raminiferenfauna des griinen Oligociintbones von Nikoltscbitz in 
Mtibren, 87. — A. Bittner. Aus dem Gebiete der Eimstbaler K alkalpen 
und des Ilocbscliwab, 89. — G. C. Laube. Notiz iiber eine eigenthiimlicbe 
Biegung des Muskowitgneisses auf der Ruine Ilassenstein bei Kaaden, 
133. — -A. Rzebak. Die Foraminifevenfaima des blauen Oligocaiitboiies 
vou Nikoltscbitz in Miihreii, 1 33. — E. I’alla. Zur Frage der Palnieimatiir 
der CV/>c?7itcs-almlicben Reste aus der Ildttinger , Breccie, 130. — A. IVnck. 
Die Ildttinger Breccie, 140. — F. Teller. Die Aquiviilente der dunklen 
Orthoceren-Kalke des Kok im Bereicbe der Silurbildiingen dor Ost--Kara- 
wanken, 145. — 11. Sjogren. Ueber die petrograpbisebe Besebaffenbeit 
des eruptiven Scblammes von den Schlammvulcanen der Kaapiseben 
Region, 105. — D. Stur. Aussprache an die geebrten Anwesenden aus 
Veranlassung der gliicklicben Ruckkebr des Collegen Herrn Prof. Dr. O. 
Lenz von seiner dritten Afrikareise, 170.— D. Stur. Vorlage der OaJa- 
marien der Carbon-Flora der Scbatzlarer Scbichton, 171.— II. B. v. Foul- 
lon. Ueber die Zusammensetzung einer aceessoristdien Bestandmasse 
aus dem Piseker Riesenpegmatit, 150. — M. Vacok. Ueber einige Paeby- 
dermenreste aus den Lmniten von Kentscbacb in Kiimten, lot). — V.Ublig. 
Ueber Neocom vom Gardenazza-Stock in Siidtirol, 150. — 0. v. Camer- 
lander. Aus dem Granitgebiete von Friedeberg in Schlesien, 157. — F 
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Becke und M. Schuster. Geologische Beobaclitungen im Altvatergebirge, 
109. — M. Vacek. Ueber neue P’unde von Mastodon aus den Alpen, 120. 
— C. von Camerlander. Vorlage von Mittheilungen llerrn Dr. II. 
Sjogren’s iiber das transkaspische Naphtagebiet, 1 23. — G. Geyor. Hencht 
iiber die geologischen Aufuahnien aul* deni Blatlo Kirclidorf in Oberuster- 
reicb, 124. — 0. J. Wagner. Ueber die Warnut verb alt uisse in der (Ist- 
halfto des Arlbergtunnels, 185. — F. Wiiliner. T^eber die strati graph isobo 
Beziehungen des Alpen-Iias zum Dacthstcinkalk, ISO.— L. v. Tuuseh. 
Einiges iiber die Fauna der grauen Kalke der Siidalpon, 187. 

Yieiina. K.>k. naturhistorischc ITofmuseuras. Annalen. Band i. 
Nos. 3-4. 1880. 

A. Gehmacher. Goldsand niit Demantoid vom alten Ekbatana und 
Ramadan, 233. — K. Kbchlin. Ueber ein iieiies hhiklas-Vorkoninien uus 
den ostorreichischen Tauern, 237. 

, . . Band ii. Nos. 1 & 2. 1887. 

E. Pergens. PliociineBryozoen von Hhodo.s, 1. — N. Andrussou. Eine 
fossile Acetahidaria als gesteinbildender Organismus, 77. — K. Kbchlin. 
Ueber Phosgenit und ein niuthmasslicli neues Mineral vom Laurion, 185. 

. Mineralogische und petrographischc Mittheilungen. N. F. 

Band vii. Heft 0. 1880. l\ireJmsed. 

B. Boss. Die basaltischen Laven und Tulfe der Provinz Hauran und 
vom Diret-et Tulul in Syrien, 401. — C. Bolter. Synthese und Zusam- 
mensetzung des Pyrrhotin, 535. 

. . . Band viii. Hofte 1-5. 1880-80. Far- 

chmed. 

0. Klement. Analysen einiger Mineralien und Gesteine aus Belgicn, 1. 
— C. Fuchs. Bie vulcanischon Ercignisse dca Jalires 1885,21 Jahres- 
bericht, 28. — ^F. Eigel. Ueber einige trachytische Gesteine von d(U‘ Insel 
San Pietro, 62. — F. Eigel. Ueber einige Eruptivgesteiiie der Pontinis- 
chen, 73. — 0. yon Vogdt. Biabasporphvrit aus der Ungegend der Stadt 
Petrosawodsk im Plonetzer Gouvernement, 101. — B. Mierisch. Bie Aus- 
wurfsblbcke des Monte Somma, 113. —JL Wulf. Beitrag zur Petrogra- 
phie des ITererolandes in Siidwest-Africa, 193. — F. Becker Atzvorsucho 
am Pyrit, 232. — A. (Jathi (‘in. T Jeber UhloritoidsGiiofer von Grossarl, 331 . 
— II. Wicbmann. Brookit voi Schwarzko])!', 338. — E. Ludwig und G. 
Tschemiak. Der Meteorit von Angra dos lIGs, 341. — L. Hubbard. 
Beitriigo zur Kenntniss der Nt»sean-liibren(len Auswiirllinge d(^s Laacher 
Sees, 356. — A. Cathrein. Beitrage zur xMineralogie Tirol's, 400. 

. Kaiserlich-kbnigliche zoologisoli-botnnische Gesellschaft. 

Yerhandlnngeii. Band xxxvi. Quartal 1-4. 1880. 

O. Stapf. Bie Pllanzeijreste des Halls tiitlor lloidengebirges, 407. 

Warwick. Warwic'ksliire Naturalists’ and Arclucologists’ Field Club. 
Proceedings, 1885. 1880. 

P. B. Brodie. On a recent Discovery of Ammlose Aid mala (Blatta and 
a Scorpion) in British and Foreign Upper and Middle Silurian Hocks 
18. — P. B. Brodie. On the last Boring near London, and its results, 22.^ 

Washington. Smithsonian Institution. Annual llcport for the 
year 1884. Parts 1 & 2. 1885. 

Bureau of Ethnology. Fourth Annual Eeport, 1882-83. 
4to, Washington. 18S0. 



ADDITIONS TO THE LIBRARY. 1 45 

Wellington, N. Z. New-Zcaland Institute. Transactions and Pro- 
ceedings, 1885. Vol. xviii. 1886. 

S. W. Bnlicr. A Description of the New Volcano in the Friendly 
Islands, nenr Tongatahu, 41. — T. J. Parker. Notes on a Skeleton o*f 
Notonm^ 78, — F. W. Hutton. On the Geology of Scinde Island, 327. — 
F. AV. Hutton. Nt^w Specie^s of Tertiary Shells, 333. — F. W. llutton. 
Th(‘ AVangioiui System, 336. — A. McKa3^ On the Age of the Napier 
Ijimestone, 367. — W. Skey. On a new Mineral (Awariiite) from Barn 
Bay, 401. — W. S. Hamilton. On Platinum Crystals in the Ironsands of 
Orepuki Goldfields, 402. 

. . . Index, Vols. i.-xvii. 1880. 

Wiesbaden. Nassauische Vereins fiir Naturkunde. Jahrbiicher. 
Jahrgang xxxix. 1880. 

11. Fresenius. Neue chemische Untersiichung des Kochbruumms zu 
Wiesbaden, 1. — H. Freseiiius. Chemische Untersuchung der Schiitzen- 
hof-Quello zu Wiesbaden, 21. — F. Kinkelin. Zur Geologic der unteren 
Wetterau und des unteren Mainthales, 55. 

Winchester. Natural History Society. Geological Section. Geolo- 
gical Notes. 1886. (12mo.) Presented by E, Westlake^ Esq,, 
F,G.S, 

York. Yorkshire Philosophical Society. Annual Eeport for 1886. 
1887. 

H. M. Platnauer. On the Occurrence of Strophodus Piyauxi (Sauv.) 
in the Yorkshire Cornbrasli, 36. 

Zoological Society. Proceedings, 1886. Parts 1-4. 1887. 

A. Smith Woodward. On the Anatomy and Systematic Position of 
the Liassic Selachian, Sqnaloraja polyspondyla^ Agassiz, 527. — A. S. 
Woodward. On the Kelations of the Mandibular and Hyoid Arclies in a 
Cretaceous Shark {Ilyhodus dtihrisiensisj Mackie), 218. 

. Transactions. Vol. xii. Parts 3-6. 1880-87. 

E. T. Newton. On the Kemains of a Gigantic Species of Bird {Gast- 
orniti Klaasseniij n. sp.) from the lx)wer Eocene Beds near Croydon, 143. 
— J. von Haast. On Megalopieryx Hector a new Gigantic Species of 
Apterygian Bird, 161 , — J. von Haast, On Dinornis Oxoeni, a new Species 
of Hinornitliidae, with some remarks on Jl>. curtusy 171. 

. lieport of the Council for the Year 1886. 1887. 


2. Books. 

Names of Donors in Italics, 

Abel, Sir Frederick . The Work of the Imperial Institute. 8vo. 
London, 1887. 

Adamson, S, A,, and A, Haricer. Bibliography of the Geology and 
Palaeontology of the North of England, 1885. 8vo. 1886. 

The Hitchingstone, Keighley Moor. 8vo. Birmingham, 

1886. 
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Albrecht, P, Anatomische Schriftcn des Professors Dr. P. Albrecht. 
8vo. Hamburg, 188(). 

. Mittheilungen 7 ur 59 Vcrsammlung deutscher Naturforseher 

uud Arzte zu Berlin. Aus der Scktioii fiir Anatomic, bvo. 
1886. 

. Ueber den morphologischen Werth iiberziihliger Unger und 

Zehen. 8vo. 1880. 

, . Ueber die cetoideNatur dor Promamraalia. 8vo. Jena, 1886. 

Ueber die morphologische Bodeutung der Penischisis, Epi- 
und Hypospadie des Menschen. 8vo. 1886. 

. Ueber cine in zwei Zipfel auslaufende rechtsseitige Vorderfloss 

bei einera Examplaro von Protopterus annectens, Ow. 8yo. Ber- 
lin, 1886. 

. Verliiuft der Ncrvenstrora in nicht geschlossener, oder 

geschlossener Strombahn, und wie gelangt er, wenn letzteres der 
Fall ist, zum Sitze der elektromotorischen Kraft zuruck ? 8vo. 
Erlangen, 1887. 

. Zur Diskussion der die Hasenscharten und schragen Gesichts- 

spalten betrefFenden Vortrage der Herren Bisudi und Morian. 
8vo. 1886. 

Alsace-Lorraine. Geologische Specialkarte von Elsass Lothringon. 
Abhandlungen. Band iv. Heft 3. 8vo. Strassburg, 1887. 
Purchased, 

Argentine Hepublic. Informe oficiale do la Comision Cientifica 
agregada al Estado Mayor General de la Expedicion al Eio IN'egro 
(Patagonia) llcalizada en los meses de Abril, Mayo y Junio de 
1879, bajo las ordcnes del General D. Julio A. Boca. Entrega 1. 
Zoologia. 4to. Bueru.s Aires, 1881. Presented hij the Academic 
Nationale des Sciences residar ' a Cordoba, 

. . Entrega II. Botanica. 4 to. Buenos Aires, 1881. 

. . Entrega III. Geologia. 4to. Buenos Aires, 1882. 

. Censo General de la Provincia de Buenos Aires ; Heraogra- 

fico, Agricola, Industrial, Comercial, &c,, vcrificado el 9 de Octubre 
de 1881 bajo la administracion del Doctor Don Dardo Ilocha. 4to. 
Buenos Aires, 1883. 

. Sistema di Medidas y Pesas do la llepiiblica Argentina. 8vo. 

Buenos Aires, 1881. 

. Ferro-carril Central del ISTortc. Itamal a la Kioja y Cata- 

marca. 8eccion Primora. De la estacion recreo (E.C.C.N.) 
Chumbicha. Infornie General del proyecto con las especificaciones, 
analisis de precios y documentos justificativos presentado al Minis- 
terio del Interior por el Departamento de Ingenieros eivilos de la 
Nacion. 8vo, Buenos Aires, 1883. 
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Army Medicdl Department, lleport for the year 1884. Vol. xxvi. 
8vo. London, 1880. 

Atkinsion, K, T, Annual Address to the Asiatic Society, Calcuttta, 
February 1887. 8vo. Calcutta, 1887. 

Atkinson, AV. C. A Historical and Statistical Account of Kew 
Brunswick, ll.H.A., with advice to Emigrants. 3rd edition. 8vo. 
Edinburgh, 1844. Presented by W. Whitaker^ F.G.S, 

Bagot, A. Accidents in Mines ; tlieir Causes and Prevention. 8vo.^ 
London, 1878. Presented by W, S, Dallas, Esep, F,L,S, 

Baryayli, P. Un nuovo lavoro del Socio sig. Herbert Goss “ I)i 
alcuni insetti scoperti recentemento in roccie carbonifere e silu- 
riane.’' 8vo. Florence, 1880. 

Barrois, C. Observations sur la constitution geologique de la Bre- 
tagne. (2® article.) 8vo. Lille, 1884. 

. Note preliminaire sur les schistes a staurotide du Finistere. 

8vo. Lille, 1884. 

. Sur la Faune de Hout-de-Ver (Haute- Garonne). 8vo. 

Lille, 1886. 

. Note sur la structure stratigraphique des Montagues du 

Menez (Cotes -du-Nord). 8vo. Lille, 1885. 

. Sur les Tremblements de Terre de PAndalousie. 8vo. 

Lille, 1885. 

. Memoire sur le calcaire a polypiers des Cabric^es (Herault). 

8vo. Lille, 1880. 

. Note sur le Kerzanton de la Bade de Brest. 8vo. Lille, 

1887. 

Bayonne Bar. Instruction pour aller chercher la Barre de Bayonne, 
entrer dans la riviere ou mouiller dans les environs, par Bougret 
de la Gryc. 8vo, Paris, 1886. Presented by the Depot de la 
Manne, 

Beinert, C. C. Her Meteorit von Braunau am 14 Juli 1847. 8vo. 
Breslau, 1847. Presented by the Iloyal Society, 

Bell, H. G. Selections of the most remarkable Phenomena of 
Nature. 12mo. Edinburgh, 1887. Presented by W, Whitaker, 
Esq., F.G.S, 

Bonney, T. G. Address to the Mineralogical Section of the British 
Association, 1886. 8vo. London, 1886. 

. Address to the Mineralogical Society, 1885. 8vo. London, 

1886. 

. On a Glaucophane-Eclogite from the Val d’Aoste. 8vo. 

London, 1886. 

Boulyer, G. S. On the Connection in Time of Changes in Fossil 
Floras with those of Faunas. 8vo. London, 1887. 
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British Museum (Natural History). A Guide to the Exhibition 
Galleries of the Department of Geology and PalsBontology. 4th 
edition. 8vo. London, 1886. Presented hy the Trustees. 

• . . . Presented hy Dr. H. Woodward, 

F.R.S., V.P.G.S. 

. Catalogue of the Blastoidea in tlie Geological Department, 

by It. Etheridge, jun., and P. H. Carpenter. 4to. London, 1886. 
Presented hy the Trustees. 

Catalogue of the Fossil Mammalia. Part IV., containing 
the Order IJngulata, Suborder Proboscidea. By K. Lydckker. 
8vo. London, ,1886. Presenti'd by the Trustees. 

Brodie^ P. B. On a recent Discovery of Annulose Animals {Blatta 
and a Scorpion) in British and Foreign Upper and Middle Silurian 
Kocks. 8vo. Warwick, 1886. 

— — . On the last Boring near London and its Kesulis. 8vo. 
Warwick, 1886. 

Brough, B. II. Use of the Magnetic Needle in cx])loring for Iron- 
Ore. 8vo. London, 1887. 

Brown, eT. A. Sketch of the Geology of Ealing, with Evidences of 
Glacial Deposit. 8vo. London, 1884. Presented bu W^. Whltalcer. 
Esq., F.G.S. 

Bruckner, E. Die Vergletscherung des Salzachgehictes nebst Beo- 
bachtungon iiber die Eiszcit in der Sehwxdz. 8vo. Vienna, 1886. 
Purchased. 

Buckler, W. See Bay Society. 

Buda-Pest. Allgemcine Landes-Aiisstcdlung, 1885. S])ecial~Katalog 
der \ Iten Gru])pe fiir Borgbau, Hiittenwesen und Oeologie. 8vo. 
Budapest, 1885. Presented, by the F<ichc(nnniissiou der Vlten 
Grujype through the Hangarian Geological Institute. 

Cahfornnin. State Mining Bumiif. Sixth Annual Be])ort. Parts 1 
& 2, tor the year 1886, 8vo. Sacramento, 1886-87. 

Gallon, J. Lectures on Milling, delivered at the School of Mines, 
Paris. Translated at the Author’s re(|ucst, by C. Le NovePhster 
and W. Galloway. Vol. iii. 8vo. London, 188(>. Purchased. 

Canada. Colonial and Indian Exhibition, London, 1886. Descrip- 
tive Catalogue of a Collection of -Economic Miuoi-als of Canada, 
by the Geological Corps, A.. II. G. Sehvyn, Director. 8vo. Lon- 
don, 1886. 

. Geological and Natural- History Survey. lleport. New 

Series, Vol. i. 1885. 8vo. Montreal, 1886. 

Cape of Good Hope. lleport on a supposed extensive deposit of 
Coal underlying the Central Districts of tho Colony, by E. J. 
I^nn. 4to. Cape Town, 1886. Presented hy the Secretary of 
State for the Colonies. 
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Caniana^ A, A. Recent further Excavations of the Megalithic An- 
tiquities of “ Hagiar-Kim/' Malta, executed in the year 1885. 
Obi. fol. Malta, 188(). 

Carthaus, E. Mittheiluiigon iiher die Triasformation im nordbat- 
lichon Westfalen uiid in cinigen angriinzenden Gebioten. 8vo. 
Wurzburg, 188G. J^ircJuised. 

Cafipari/, li. Einigc ncuo Pllanzonreate ans dein samlandischen 
Jiernstein. 4to. Konigsberg in IV., ]88(). 

Castillo^ A. dcl^ y M. Bdrcena, El Horubre del Peiion. 8vo. 
Mexico, 1885. 

Challenger. Rc])orts on the Sdentific Results of tlie Voyage of 
H.M.8. ‘ Challengi'r ’ during the years 187t8 TG. Botany. Vol. ii. 
4to. London, 188G. hp 11. M. Trtdsunj, 

. . Zoology. Yol. XV. 4to. London, 188G. Pre- 
sented by 11. M. Treasury, 

-. . Yol. xvi. 4to. London, 188G. Presented 

by 11, M, Treasury, 

-. \ol. xvii. 4to. London, 1 880. Presented 
by ILM, T’reasury, 

Yol. xviii. Parts 1 it 2, and plates. 4to. 
London, 1887. Presented by ILM, Treasury, 

-. Yol. xix. 4to. London, 1887. Presented 
by 11, M, Treasury, 

Clmper^ — . Note sur une Pegmatite diamaiitifere do rilindoustan. 
8vo. Paris, 188G. 

Chaubard, L. A. Elements de Geologic mis a la portee de tout 
le mond(\ 2** edition. 8vo. Paris, 1838. Presented by H, 
Bauennan., llsq,, F,(LS. 

Chevreul, Centonaire de M., 31 Aout, 188G. Discours prononeds 
nn Mashun d'llistolrc JSaturille, 4io. Paris, 188G. 

Cialdi, A. Sul inoto ondoso del marc c su le correnti di csso. 
edition. 8vo. London, 18GG. Presented by the Royal Society, 

Claypole., K, W, Buffalo and Chicago, or “ What might have been.” 
8vo. Salem, 188G. 

Close, M. H. The Geology of the Neighbourhood of Dublin, as 
affecting its Sanitary Conditions. 8vo. London, 1884. Pre- 
sented by W, Whitaker Esq,, F,G,S. 

Cocco, L. Risposta alle osservazioni di Luigi F. Schopen fatte circa 
le opinioni del Prof, Seyuenza siil Lias superiore dei dintorni di 
Taormina, 188G. 8vo. Messina, 188G. 
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Cockburn, W. A Letter to Professor Euckland concerning the 
Origin of the World. 8vo. London, 1838. Farchased, 

. A new System of Geology ; dedicated to Professor Sedgwick. 

8 VO. London, 1849. J^mMsed, 

Colo, E. M. Notes on the Geology of the Hull, Barnsley, and W^cst 
Biding Junction Bailway and Hock. 8vo. Hull, 1880. Pre- 
sentcd hy Q, Bohn, Esq, 

Conwentz, 11, IJeber ein tertiiires Vorkommen cy])rossenartiger 
Hulzcr bei Calistoga in Californien. 8vo. Stuttgart, 1878. 

. Boricht iibcr die Hurchforschung dor Provinz Westproussen 

in naturhistorischer, archiiologischor und ethnologisclier Bezie- 
hung Seitens des Westpreussischon Provinzial -Museums und der 
vom Proviuzial-Landtage subventionirien Vereinc wahrend der 
ersten sechsjahrigen Etatsperiode der Yervvaltung des West- 
preussischen Provinzial- Verbandes. 8vo. Danzig, 1884. 

. Heinrich Bobert Go 2 )pcrt, sein Lcben und AViikcn. 8vo. 

Danzig, 1815. 

Sobre Algunos urboles fdsiles del Bio Negro. 8vo. Buenos 
Aires, 1885. 

. Hcrstcllung mikroskopischer Praparatc von fossilen Pflanzen . 

8vo. Danzig ?, 1 8 — . 

. See Gdppert, H. B. 

Cope, E, D, The Vertebrata of the Swift Current Creek Begion of 
the Cypress Hills. 8vo. Montreal, 1885. 

. On two new Species of Three-toed Horses from the Upper 

Miocene, with Notes on the Fauna of the Tklioleptus-hodi^, 8vo. 
Salem, 1880. 

. Schlosser on Creodonta and Phenacodiis, 8vo. Salem, 

1886. 

. Schlosser on the Phylogeny of the Ungulate Mammalia. 

8vo. Salem, 1886. 

. Systematic Catalogue of Species of Yertebrata found in the 

Beds of the Permian Epoch in North America, with Notes and 
descriptions. 4to. Philadelphia, 188(). 

. The Phylogeny of the Camelida?. 8vo. Salem, 1880. 

Cotta, B. von. Goologische Bilder. 6*" Auflage. 8vo. Leipzig, 
1876. Purchased. 

Cotteaii, G, Paleontologie lYancais. 1'‘ Serie. Animaux Inver- 
tebres. Terrains Tertiaircs. Eocene, Echinides. Tome i. 
FeuiUes 1-11. 8vo. Paris, 1885-86. 

. Echinides nouveaux ou peu conn us. (4*" article.) 8vo. Paris, 

1885. 

Sur les Echinides des calcaircs do Stramberg. 4to. Paris, 

1884. 
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Colteau, O, Considerations gendrales sur les Echinides du terrain 
jurassique de la Erance. 4to. Paris, 1885. 

. Sur les Echinides eocenes de la famille des Spatangideos. 

4to. Paris, 188G. 

. La paleontologic en 1885. 8vo. Paris, 1885. 

. La Geologie au Congres Scion tifique de Grenoble in 1885 

et Compte-rendu du Congres. 8vo. Auxerre, 1 880. 

Pch’ou et Gauthier. Echinides fossiles de I’Algerie. Ease. 9, 
Etage Eocene. 8vo. Paris, 1885. 

Crania Aijnes. On a Erachiopod of the Genus Atretin^ named in MS. 
by the late Dr. T. Davidson. 8vo. London, 1 880. 

Creihn r, H, Die Stegocephalen aus dem Eothliegendon das Plauen’- 
schen Grundes bei Dresden. 8vo. Eerlin, 1880. 

. Elemente der Geologie. 0" Auflage. 8vo. Leipzig, 1887. 

Crosslx-ey^ IL W. I^^ote on the Glacial Geology of the district around 
Loch Sween, Argyllshire. Svo. Birmingham, 1880. 

Cuvier^ F. De I’llistoire Naturclle des Cetaces ou recueil et examen 
des faits dont so compose Thistoire naturclle de ces animaux. 
Svo. Paris, 1886. Presented hy the Royal Society. 

Dac/incourt, — . Annuairc Geologique Univorsel. Tome ii. 8vo. 
Paris, 1880. 

Dallas^ James. Professor John Morris, M.A.,E.G.S. Slip. Exeter, 
1880. 

Dana, J. D. A dissected Volcanic Mountain ; some of its revela- 
tions. Svo. Now Haven, 1880. 

. Berkshire Geology (U.S.A.). Svo. Pittsfield, Mass., 1886. 

. On some general terms applied to Metamorphism, and to the 

Porphyritic Structure of Hocks. Svo. Now Haven, 1880. 

. On Volcanic Eru]>tions of Barren Island, Vesuvius, and 

Kilauea. Svo. New Haven, 1880. 

. Volcanic Action. Svo, New Haven, 1887. (Sec Emerson, 

J. S., &c., on Kilauea). 

Damson, O. M. Note on the Occurrence of Jade in British Columbia, 
and its Employment by the Natives. Svo. Montreal, 1887. 

. Notes to accom]mny a Geological Maj) of the northern por- 
tion of the Dominion of Canada, east of the llocky Mountains. 
Svo. Montreal, 1887. 

. On certain Borings in Manitoba and the North-west Terri- 
tory. 4to. Montreal, 1887. 

. On the Canadian Kocky Mountains, with special reference 

to that part of the Range bctweeji the forty-ninth Parallel and 
tlie Head -waters of the Red Doer River, ^vo. Montreal, 1880. 
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Dawson, Sir J» W, Address to the British Association for the Ad- 
vancement of Science, 1886. 8vo. London, 1886. 

. On Ehizocarps in the Erian (Devonian) Period in America. 
8vo. Chicago, 1886. 


. On the Fossil Plants of the Laramie Formation of Canada. 
4to. Montreal, 1 886. 

Dewalque, G. Discours prononee aii noin dc I’Academie Iloyale de 
Belgique lors des Fuiierailles de M. F. L. Cornet. 8vo. Brus- 
sels, 1886. 

Di^, W, H, i he famous IVlouiit Morgan Gold Mine, Eoekljiimpton, 
Queensland, its History, Geological Formation, and Prosjiocts. 
8vo. Itockhampton, 1887. 

?Votes on the Geology of Northern (-alirornia. 8vo. 
Washington, 1886. 


. The latest Voleanic Eruption in IS’ortlu-i’u California and its 

peculiar Lava. 8vm. New Haven, 1887. 

Dowher, G., J. Beid, and L l\Ijirteii. Observations on Bomnev 
Marsli and Lydd Beach, with an account of a Botaniciil Bamble 
from AppJedorc to Lydd and Dungeness Point, 8vo. Canter- 
bury, 1868. 


Dressel, L. 
Erlautert. 


i^Ji^saltbildung in ihiou einzelnen nmsliirideii 
4to. Haarlem, i8()(>, Durchd.^fifl, 


Duncan, P, M, On the Astrocanvv of the Sultoi 
Deposits of the Infra-Lias of South AVales 
1886. 


Stone and other 
8 VO. London, 


. On the Structure and Classilicatory Position of some Madrc- 

Sr^lonXn! 188 ^ 


Dupont, E, Sur le Famennien d' 
Brussels, 1886. 


la Plaine des Fagnes. 8vo. 


Eley, H. 
Pebbles. 


Geology in the Garden 
8vo. London, 1859. 


; or the Fossils in the Flint 
Purchaml. 


Emerson, J. 8., L. L. Van 81yke, and E. 8. D,.d-c 
the eruption of March, 188(5. 8vo. New Haven 
senUd hj Prof. J. J). Dmut, P.M.a.8. 


Kilanea after 
I '887. Pre- 


Plncyclopaedia Britannica. 9th edition. 
4to. Edinburgh, 188(5. Purchased. 


Vol. xxi. Kot-Sia. 


Purchased, 


■Vol. xxii. Sib-Szo. 4to. Edinburgh, 1887. 
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Encyclopsedic Dictionary. Vol. vi. pt. 1. Qnoi-Shipp. 4to. 
London, 1887. Presented hy the Rev, R, Hunter , F.G.S, 

En;?land and Wales. Geological Survey, Memoirs. VoL iv. 
The Geology of the London Basin. By W. Whitaker. 8vo. 
London, 1872. Purchased, 

Ettingshausen, C, von. Die fossile Flora von Sagor in Krain, Theil 
III. und Schluss. 4to. Vienna, 1885. 

. Beitrage zur Eenntniss dor Tertiarflora Australiens. Zweite 

Folge. 4fco. Vienna, 1886. 

Falsan, A. Notice snr la geologie et la miueralogie dii Canton 
d’Hyeres (Var). 8vo. Lyons, 1863. Purchased, 

Favre^ E. Kevno Goologiquc Huisse pourrannee 1885. xvi. 8vo. 
Geneva. 1886. 

Finistore. List of works on the Geology of. 4to. 1886. Pre-^ 
sented hy Prof, T, G, Bonney, D,Sc.^ F,R.S.^ F,G,S, 

Fisher^ 0, On the Variations of Gravity at certain Stations of the 
Indian Arc of the Meridian in Belation to tlicir Bearing upon 
the Constitution of the Earth\s Crust. 8vo. London, 1886. 

. An Attempt to explain certain Geological Phenomena by 

the applicaition to a Liquid Substratum of Henry’s Law of the 
Absorption of Gases. 8vo. Cambridge, 1887. 

On the Amount of the Elevations attributable to Compres- 
sion through the Contraction during Cooling of a Solid Earth. 
8 VO. London, 1887. 

Fleming, J. The Lithology of Edinburgh. Edited with a memoir 
by the Bev. John Duns. 8vo. Edinburgh, 1851). Purchased, 

Frazer, P, General Notes on the Geology of York County, Penn- 
sylvania. 8vo. Philadelphia, 1886. 

Freieslebon, J. C. Mngazin fiir die Oryktographie von Sachsen, 
llefto 1-1). 8vo. Ereyherg, 1828-36. Purchased. 

Erie, A. Fiihrer durch die geologischen Sammlungon im Museum 
des Konigreiches Bdlirnen in Prag. 8vo. Prag, 1881. Purchased, 

FriedVdnder, R., und Sohn, Bibliotheca liistorico-naturalis et 
Mathematica. Lager-Catalog. 8vo. Berlin, 1886. 

Gaudnj, A, La Grotto de Montgaudier. 4to. Paris, 1886. 

. Lo petit Ursus spelams de Gargas. 4 to. Paris, 1887. 

. Bur un hois de llennc, orne dc gravures, qne M. Eugene 

Paignon a decoiivert ii Montgaudier. 4to. Paris, 1886. 

Sur nn nouveau genre dc Reptile trouve dans le Permien 
d’Autun. 8vo. Paris, 1886. 

Geinitz, H, B, Zur Dyas in Hessen. 8vo. Cassel, 1886. 
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GemmeUaro, G. G. Sopra alcune faune Giuresi e lJasiche della 
Sicilia. Text and plates 4to. Palermo, 18/ 2-8- J urdimed. 


Geyler, T., und P. Kinkelin. Oberpliociin-Flora aus den feugruben 
des Klarbeckens bei Neiderrad und der Schlouse bei Hochst a. 
M. 4to. Frankfort-a.-M., 1887. Presented by W. H. UndUy, 
Esq., M.Inst.C.E., F.O.S. 

Oillieron, V, La faune des couches a Mytilus consideree comme 
phase meconnue do la traiisformation. do formes aiiiinales, 8vo. 
Basel, 1887. 


Goldschmidt, V. Index der Krystallformen der Mineralien, Lief. 
1 & 2. 8vo. Berlin, 188(). Parchased, 


Qoodchild, J, G. Observations upon the 8tratig;raj)hical Belatioiis 
of the Hkiddaw Slates. 8vo. Loudon, 1880. 


Gdppert, H. R., und A. Meng:e. Dio Flora des Bernsteins und ihre 
Beziehungen ziir Flora der Tert/iarforniation und dor Gegenwart. 
Band 2, von //. Cmiwentz, 4to. Danzig, 1880. 


Gottsche^ C, Geologische Skizzc von Korea. 8vo. Berlin, 1880. 

Great Britain and Ireland. Mines and Minerals. Mining and 
Mineral Statistics of the United Kingdom of Great Britain and 
Ireland, including List of Mines and Mineral Works for the year 

1885. Prepared by H.M. Inspectors of Mines. 4to. London, 

1886. Presented hj the Secretary of State for the Home Depart^ 
meat. 


Gresley, W, S. A Fossil Tree at Clayton, Yorkshire. 8vo. Bir- 
mingham, 1886. 

Griffiths, G, S. Evidences of a Glacial Epoch from Kerguelen’s 
Land, being comments upon the ‘Challenger’ Reports. 8vo. 
Melbourne, 1886. 


— . On the recent Earth-tremor and the conditions which they 
indicate. 8vo. Melbourne, 1885. 


Groth, P. Repertorium der mineralogischen und krystallograph- 
ischen Literatur vom endc d. J. 1876 bis anfang d. J. 1885, und 
Generalregistor der Zeitschrift fiir Krystal! ographio und Minera- 
logie, Biindc i.-x. 8vo. Leipzig, 1886. Purchased. 

Giimbel, C. W. von. Uebor die J^atur und Bildungsweisc des Glau- 
konits. 8vo. Munich, 1<S86. 


. Geologic von Bayern. 1 Theil. Grundziige der Geologic. 

Lief. B & 4. 8vo. Cassel, 1 886 & 1 887. Parchased. 

Haas, H. J. Die Leitfossilien. 8vo. Leipzig, 1887. Purchased. 

Jlarher., A. On a remarkable Exposure of the Kellaway’s Rock in 
a recent cutting near Cirencester. 8vo. Gloucester, 1 887. 
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HnvJland, A, On the Study of the Glacial Period in the Isle of 
]^[an. Svo. Douglas, 1880. 

Hazell’s Annual Cyclopaedia, 1887. Edited hy E, D. Price, F.G.S. 
8 VO. London, 1887. 

Hehert, E. Observations sur les groupes sedimentaires les plus 
ancions du nord-ouest de la France. 4to. Paris, 1880. 

Heim, A., and A. Penck. On the District of the Anc'ent Glaciers 
of the Isar and of the Linth. 8vo. London, 1880. Presented 
hi/ Dr. Himle. 

Hemiup, Marla 72. Law of Heat. 8vo. Geneva, N. Y. 1880. 

Hennessif, IT. On the Physical Structure of the Earth. 8vo. 
London, 1880. 

Note on the Annual Precession cnlculatod on the Hypo- 
thesis of the Earth’s Solidity. 8vo. London, 18S0. 

. On the Fluid State of Podics composing our Planetary 

System. 8vo. Dublin, 1880. 

Hermite, H. Etudes geologiciues sur les lies Balearcs. Svo. 

Paris, 1870. Pnrcliased. 

Hertwig, K. Gediichtnissrode auf Carl Theodor v. Siehold. 4to. 
Munich, 1880. Presented In/ the Academy o f Sciences of Munich, 

Hesse. Grosslierzoglich hessische geologische Landesanstalt. Geolo- 
gisehe Knrte --(Vrrrr* Erliiiiterungen. Lief. 1. Blatt ^Messcl. 
Svo. Darmstadt, ISSO. 

. . . Lief. 1. Blatt Ilossdorf. Svo. Darmstadt. 

1880. Presented hy the Survey. 

Ilinde^ G. J. On Beds of Sponge-remains in the Lower and Upper 
(ireensand of the South of England. 4to. London, 1880. 

On the Genus I/india, Duncan, and the Aame of its Typical 
Species. Svo. London, 1887. 

Tlitchcocle, C. JT. The Geological Map of the United States. Svo. 
Easton, 1880. (See Macs.) 

Hornes, 11. Manuel de Paleontologie. Tradiiit de rAllemand par 
L. Dollo. Ease. 4 & 5. Svo. Paris, 1880. Purchased. 

Howitt, A. W. The Sedimentary, Metamorphic, and Igneous Bocks 
of Ensay. Svo. Melbourne, 1880. 

JTuhhard. L. L. Beit rage zur Xenntniss der Xosean-fuhrcnden 

Auswiirllinge dos Laachcr Sees. Svo. Yienna, 1887. 

Hur/hes, T. M^Kcnny. The Sedgwick Memorial Geological ^ruscum. 
8vo. Cambridge, 1880. 
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IJant, T. S, Mineral Physiology and Physiography. A second 
scries of chemical and geological essays with a general introduc- 
tion. 8vo. Poston, 1886. 

Hatton, F,W, On the Gieology of Scinde Island. 8vo. Wellington?, 
1886. 

On the Geology of the New-Zealand Alps. 8vo. Hobart, 

1886. 

. The Mollusoa of the Parcora and Oarnaru Systems of Now 

Zealand. 8vo. Sydney, 1886. 

India. Oioloijlcal Survey. Paheontologia Indica. Ser. vii. & xiv. 
'l'itle])Hg(; and Contents of voL i. of Tertiary and U 2 )per Cretaceous 
Pauna of Western India. 1886. 

. . . Ser. X. Indian Tertiary and Post-Tcriiary 

Ycrtebrata. Yol. iv. Part 1. Siv\ alik Mammalia. Supidomciit i. 
Py K. L} dekker. 4to. Calcutta, 1886. 

, . . . Indian Tertiary and Post-Tertiary 

A^)riel)rata. Yol. iv. Part 2. By It. Lydckker. 4 to. Cal- 
cutta, 1886. 

. . . Ser. xii. The Fossil Flora of the Gondwana 

System. Yol. iv. Part 2. The Fossil Flora of some of the 
Coal Fields in Westprn Bengal. By 0. Feistmantel. 4to. 
Calcutta, 1 886. 

. . Ser. xiii. Salt-Itangc Fossils. By W. 

Waagon. I. Pj'oductus-liuiestone Fossils ; VI. Cmlcnterata. 4to. 
(Calcutta, 1886. 

Ser. xiv. Tertiary and U})per Cretaceous 
Fossils of Western Sind. Vol. I. Part Jk I’he Fossil Echi- 
noidea. Fasc. vi. By P. Martin Duncan and AY. P. Sladen. 4lo. 
Calcutta, 1886. 

, , llecords. A^ol. xix. Parts 3 & 4. 8vo. Calcutta, 

1886. 

. Yol, XX. Parts 1 & 2. 8vo. Calcutta, 

1887. 

. Indian Museum. Catalogue of the Beinnins of Siwalik 

A'ertebrata contained in the Geological l)e])artment. Parts 1 & 
2. By 11. Lydckker, 8vo. Calcutta, 1883 & 1886. 

, . Catalogue of the Bemains of Pleistocene and Pre- 
historic Ycrtebrata contained in tlie Geological l)ei)artment. 
By E. Lydclikcr. 8vo. Calcutta, 1 886. 

Tnternationnl l*olar Exp(‘ditions, 1882-8.3. Fort line. 0]>serva- 
tions [Mot(5orological &c.J 4 to. London, 1886. rresented by 
the Meieorologiccd Office. 

Irvimj, R. D. Origin of the Ferruginous Schists and Iron Ores of 
the Lake Superior Eegiou. 8vo. New Haven, 1886. 
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Jacl', 22. L. See Queensland. 

Johuston-Lav'h^ IL J, The llelationship of the Structure of Kocks 
to the Conditions of their Formation. S^ro. Dublin, 1 880. 

Jones, T. Jii(j)ert. On Carboniferous Ostriicoda from the Gaytoii 
Boring, Northamptonshire. 8vo. Northampton, 1880. 

. On Coal Deposits of South Africa. Slips. London, 1880. 

. On Palaeozoic Phyllox>oda. 8vo. London, 188(3. 

. lieview. “The Volcanoes of Japan, by John Milne.” 

Slij). London, 1880. 

The Geology and Mineral Products of South Africa. Slii). 
London, 1880. 

. History of Sarseiis. 8vo. Devizes, 1887. 

Note on Kifw/niiiUfes elegans^ Sowerby, and other Lnglish 
Nummulitcs. 8vo. London, 1887. 

. Notes on the Palmozoic Bivalvcd Entomostraca. — Nos. 23 

& 24. On some Silurian Genera and Species. 8vo. London, 
1887. 

, The Mineral Wealth of South Africa. 8vo. London, 1 887. 

, and J, TF. Kirlchij, A List of tlio Genera and Species of 

Bivalvcd Entomostraca found in the Carboniferous Formations of 
Great Britain and Ireland, with Notes on the Genera and their 
Distriluition. 8vo. London, 1886. 

^ . Notes on the Distribution of the Ostracoda of the 

Carboniferous Phrmations of the British Isles. 8vo. London, 
1886. 

, . Notes on the Palmozoic Bivalvcd Entomostraca. — 

No. 22. On some undescribod Species of British Carboniferous 
Ostracoda. 8vo. London, 1886. 

, . On some Phinged and other Ostracoda from the Car- 
boniferous Series. 8vo. London, 1886. 

Karsten, II. Geologie dc rancienue Colombie Bolivarionne, Yench 
zuela, Nouvelle-Grcnade et Ecuador. 4to. Berlin, 1886. 2Vr- 
chas6(L 

Kenngott, A., A. von Lasaulx, and Pb Bolle. Handwbrtcrbuch dcr 
Mineralogie, Geologic luid Jbdieoiitologie. 3 vols. 8vo. Bres- 
lau, 1883, 1885, & 1887. Parchase<L 

Klein, K. T. Thirty-six Hours’ Hunting among the Lepidoptora 
a]jd llyinenoptera of Middlesex, with Notes on the Method 
adoijtcd for their Capture. 8vo. Bath, 1887. 
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KJfment^ C. I^Totice sur la oompoeition chiiniqiie de la meteorite de 
Sail) t- Denis-West rem (Flandro Orion tale). 8to. Brussels, 

1886. 

Kol'scliarcw^ N, v. Materialicn zur Mineraloffie HuFslaiids. Band 
ix. pp. 273-368. 8vo. St. Petersburg, 1886. 

Konen, A. von, ITebcr none Cystidcon aus don Carafloc-Scliichlen 
der Gcgend von Montpellier. 8vo. Stuttgart, 1886. 

Aonwcl% L, G, cle^ et M. Lohcst. Notice sur lo paralb'lismc entre 
le calcaire carbonifi re dii nord-onest dc FAngleterre ct celui de 
la Belgique. 8vo. Brussels, 1886. 

Kowalevski, A. Observations sur le developpemrnt des Bracbio- 
podes. Analyse par I). (Elilert ct Deniker. 8vo. Paris, 1883. 

iMp'parxni^ A. de. Abrege de Oeologie. 8vo. Paris, 1886. 

• • • . Prestnled hu Clenicvi BeuL Es(/., 

F.G.S. ^ 

. Trait e de Geologic. 2^ edition. 8vo. Paris, 188e5. 

• . ('onferenoo sur le sens des mouvcinenls de Tccorce terrestre. 

8 VO. Paris, 1887. 

Lawrence, E, The Progress of a Century ; or the Age of Iron and 
Steam. 8vo, London, 1886. 

Lhidley, TF. IT. Photogra])hs of Upper Pliocene Flora found in 
Excavations made near Frnnkfort-on-Main. 1887. 

rjvrrfiuh/e, A. Prcsidcnfial Address to the Loyal Society of New 
South Wales. 8vo. Sydney, 1886. 

Lucas, C. An Essay on Waters. Parti. 8yo. London, 1756. 
Fnr chased. 

Lxiil'cn, C. Anfikritisko Bem.Trkninger i Auledning af Ka-mpe- 
Dovendyr-SIirgten Cadodon. 8vo. Copenhagen, 1886. 

"Ajddlcer, E. Description of three Species of Scelldothermni, 8vo 
London, 1886. 

The Fossil Vertebrata of India. 8vo. Calcutta, 1887. 

n‘ Biography of Bust. 8vo. London, 

188^. I resented Inj IF. E. Dallas, Esq., F.L.S. 

Marcoif, J. B. A last of the Mesozoic and Cenozoic Types in the 
collections of the U . 8. Mnsenm. 8vo. Washington, 1 8S5 ; and 
Supplement, 1886. 

Bihlio^aphicsof American Xatnralists. JTI. BnlJicationa 

relating to Possil Invertebrates. 8vo. Washington, 1885. 

Jl/orsli^O. C. American Jurassic Mammals. 8vo. New Haven, 
188/, ’ 
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Mediterraxieaa. lastractioris Nautiqaes sur les iles lonieanes, l(‘s 
cotecj do Uroce et do Tarqaie, TArchipel, le detroit dos Darda- 
nelles, la Mer do Marmora et le iiospliore. Par A. Praacoise. 
8vo, Paris, 1886. Presented by the Dejyot de la Marine, 

MelniJcoia, if. Geologische Erforschung des Yerbroitungsgobietes 
dor Phosphorite am Dujester. 8vo. St. Petersburg, 1885. 

Menejhlui^ G, Goniodiscas Ferrazzii, Mgli., nuova Stelleride 
terziaria del Yiociitiiio. 8vo. Pisa, 1886. 

Miall, L. C. The Geology, Natural History, and Prehistoric Anti- 
quities of Craven, in Yorkshire. 4to. Leeds, 1878. ParchasM, 

Miall, L. C,, and A. Denny, Studies in Comparative Anatomy. 
111. The Structure and Life-history of the Cockroach {Peri- 
jilancta ori nfalis), Au introduction to the Study of Insects. 

8 VO. London, 1886. 

Minnesota. Geoloyicul and NaUiral History Survey 1872-82. 
Thu Geology of Minnesota. Vol. i. of the T'lnal lleport. By 
11. WTucheil and NV. Lpnam. 4to. Minneapolis, 1884. 

Thirteenth Annual licpoit for the year 1884. 8vo. 
St. Paul, 1885. 

. . Eourteenth Annual lleport for the year 1885. 8vo. 

St. Paul, 1886. 

MoryiDL, O, Lloyd, Contributions to the Geology of the Avon 
Basin. 8vo. Bristol, ' 

Morse, E. S. Ancient and Modern Methods of Arrow -llelease. 
8vo. Salem, 1886. 

Morton, G, II, The Carboniferous Limestone and Cefn-y-fedw 
Sandstone of Elintshire. 8vo. Liverpool, 1886. 

Mott, F. T, The Geological History of Chaimwood Eorest. 8vo. 
London, 1885. 

Fathorst, A. G. Nouvelies observations sur des traces d’animaux 
et aui res phenomeues d origine purement mecanique decrits 
eomme “ Aigues Possiles.’^ 4to. Stockholm, 1886. 

. Om de saiidslipode stenariies forekomst i dc kambriska 

lagren vid Lugnds. 8vo. Stockholm, 1886. 

. Om lemningar af Dryas oetopetala, L., i kalktuff vid Eangil- 

torp nara A’adsteua. 8vo. Stockholm, 1886. 

Anmiirkningar med anledning af A. Hollands uppsa bs ; 
“ Svenske geologer om indsjderne.” 8vo. Stockholm, 188/. 

. Till frdgaii om de skduska dislokationeruas alder. 8vo. 

Stockholm, 1887. 
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NaDmann, E. Die Erscliciminfren dcs Erdmagnetisnnis in ilnor 
Althiingigkeit vom liau dor Erdriiide. 8vo. Sluttgail, 
Purchased. 

Neninayr, M. Erdgesclii elite. Band i. Allgeiiieirie (ieologie. 

8vo. Leipzig, 1887. Purchased. 

New Caledonia. Tustructions Nantiqnes sur la NonvelL'-C/Mlt'donic 
ct ses depoudanccs ]>aT Chanibeyrou ei Banare. IV' editiiai. 
8vo. Paris, 1S8(). JWsoited hi/ the Depot de hi Marine. 

New Hebrides. Instructions Nantiqnes sur les Nouvelb's-llebridcs, 
les lies Banks, Torres, et rArcbi])el de Saiita-Crnz. 8vo. Paris, 
188C). Presented by the Depot de la 21arine. 

New Jersey, (h^oloyical Sunu ii. Bracdiiopoda and Lamellibran- 
ebiata of tbc Baritan Clays and (ireensand Claris of New Jersey, 
by 11. P. AVliiifield. Jto! Trenton, N. J., l88b. 

New South Wales. Australian Huseum. Catalogue of the Eebino- 
derrnata in tbc Australian Museum, by K. P. llamsay. Part 1. 
8vo. Sydney, 1885. Prestnled by the I'rmtees. 

. Eeport of the Trustees for 1885. 4to. Sydney, 

1880. ^ 


• — • Descriptive Catalogue fwith Notes) of the General 

Collection of Minerals in the Austi’Jilian Museum, by A. F. Eatto, 
8vo. Sydney, 1885. Presented by the Trustees. 

. Department of Mines. Annual Eeport for the year 1885. 

4to. Sydney, 1880. 

heuHon, and /. IF. Clarlc, The Woodwardian Professor and 
the Sedgwick Memorial Museum. 8vo. Cambridge, 1887. 

Neu’ion, K. T. On Hie Eemains of a Gipinlic Sjieeies of JHrd (Ons- 
turnis Maiisaem) from the Lower Koceiie Beds near Croydon. 


— . A Classification of Animals ; bciiis a Svnojisis of Hie Animal 

dOT 1887 ^ ^ 


New York Geolo^cal Survey. Natural History of New York 
ralmontology. Vol. v. Part 1. LanielliI.ranel.iata, I[. ¥y' 
Albany, N. Y'., 1885. 


P.! * ’ Vi. r . 

James Hall. Text. 4to. 


1.411. Plal.,. 4lo. 

iSi; ‘I-* 


— • . Reports 

years 1883-84. 8vo. 


of the State Geologist (Jame.f 
Albany, N. Y., 1884-8.'5. 


Halt) for 


the 


• • Report of the State 

an account of the condition of the 
8vo. Albany, N. Y., 1884. 


Geologist {Janm IMl), giving 
work upon which he is engaged. 
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Now York Shat-e Museum of Natural TIistory. Annnnl Eeports 
to:i<S. .For ISSO-lSSf). 8yo. Albany/l SSO-IS 80 . Prcsculed 
hy flames I /all, Esy., F.MM.ti., Ftate (Jeoloyist. 

New Zealaivl. Colonial Museum and Geolo^^ioal Survey Depart- 
iiietit. Handbook of* A"ew Zealand, by James TT(H*tor. -llli 
edition, revised. Svo. WcJlinj^ton, l-SSb. Ptrseuted h?j ihe 
A(fetU-(j< jicretl for New Zealand. 

, Presented ht/ Dr. James Hector, C.M.O., 

FJLF, 

. . Indian and Colonial Exhibition, London, LSSb. 

New Z(':iland (,!(nirt. Detailed (Catalogue and Guide to the 
Geolo^'ieal FiXhibits. Svo. AVellington, ISSd. Presented hy 
the Aifcnt-General for Neir Zealand, 

. Presented hy Dr. James Hector, 

a.M.a., F.G.s. 

. . ]\rannal of the New Zealand Colcoptera, by T. 

Brown. Pts. 3 iS: 4. Svo. Wellington, 188(). 

New Zealand Industrial Exhibition 1885, ^Yellington. The Official 
Beeord, 1885. Svo. Wellington, 188G. Presented hy the New 
Zealand Colonial Museum. 

New Zealand. Mines Department. Annual Eeportsof the Inspec- 
tors on Inspection of Minos, 188G. 4to. Wellington, 18SG. 
Presented hy the IJon, Minister of Mines, 

. , Deport on the Alining Industry of N ew Zealand, being 

papers laid before Parliament during the Session of ISSG. Svo. 
Wellington, 1887. Presented by the Hon. Minister of Mtnes. 

, Alines Statement, by the Alinister of Alines, the Hon. W. I. 

AI. Larnach, C.AI.G. 4to. AVeilington, 18SG. Presented hy the 
Hon. Minister of Mines. 

• . Preliminary Deport of the Decent A^olcanic Ernptions, by 

J. Hector, C.AI.G. 4 to. Wellington, 1SS6. Presented hy the 
Secretary of State for the Colonies. 

. Preliminary Deport on the Decent A^olcanic Eruptions, hy 

Dr. James Hector, C.M.G., F.G.S, dto. A\ elliiigtoii, 1880. 

. Pndiminarv Deport of the A^oleanic Erui)tion of Tarowei-a 

1880, by S. Percy Smith. 4to. Wellington, 1880. Presented 
hy the Secretary of State for the Colonies, 

■ . Deport on (xoldficlds. Classes and Schools of Aimes. 4to. 

Wellington, 1885. Presented hy the Mines Department. 

. Deport on Goldfields, Doads, AYafer-raccs, and other works 

in connect ion with Alining. 4to. Wellington, 1880. Presented 
hy the Mines Department. 
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Norman, M. W, A popular Guido to the Geology of the Isle of 
Wight, with a Kote on its relation to that of the Isle of Purheck. 
8 VO. Yentnor, 1887. Furchased, 

Norwegian North-Atlantic Expedition. Norske Nordhavs-Expe- 
dition, 1876-78. Prt^enitd by ilie Meteoroloy isJce Institute Chris- 
tiania, 

XY. Zoologi. Crustacea II., ved G. 0. 8ars. 4to. Chris- 
tumia, 1886. 

XYI. Zoologi. Mollusca II., ved H. Eriele. 4to. Chris- 
tiania, 1886. 

XYII. Zoologi. Alcyonida, ved D. C. Dariielsseii. 4 to. 

Christiania, 1887. 

Noury, C, Geologic de Jersey. 8vo. Paris, 1SS6. 

Nova Scotia. De^iariment of Mines, lleport for the yeai' 1886. 
8vo. Halifax, N. S., 1887. 

CCJdert, 1), Sur les Eossiles devoiiicns du depart eiiieiit de la 
Maycnnc. 8vo. Paris, 1877. 

-. .llescri 2 )tio]) dc deux iiouveaux genres de ( ■rinuides du ter- 
rain devoiiien de la Hayeniie. 8vo. Paris, 1878. 

. Note sur le Calcaire de Saint- liocli, a Change, pres l.a\ al. 

8 VO. Paris, 1880. 

, Crinoi’des nouveaux du devonien de la Saithe ei de la 

Mayeiiiie. 8vo. Paris, 1882, 

Notes geologiqucs sur lo departcinent de la Mayenne. 8vo. 
Angers, 

. Note sur le calcaire de Montjean et Clialoniies (Haiiie-et- 

Loire). 8vo. Paris, 1882. 

. Description de deux iiouvelles especes ([^Acrocvlia du devo- 
nien interieur de la Hayeiinc. 8\o. Paris, l88o. 

. Note sur les Chonetes devoniens de TOuest dc la France. 

8 VO. Paris, 1883. 

. Note sur Ttrelralula (^Caitrondla) Cveratajeri. 8vo. 

Angers, 1883. 

. Etudes sur quelques Prachiopodes devoniens. 8vo. Paris 

1884. 


. Etude sur quelques Trilobites du groupe des Proclida). 8vo. 

Angers, 1885. 

. Description de Goldms Gervillei, 8vo. Paris, 1885. 

. Description de deux Centronelles du devonien inferieur de 

Pouest de la France. 8vo. Paris, 1885. 
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(Ehh'rtf D. Etude sur quelques fossiles devouiuns do I’ouest do la 
Erance. 8vo. Paris, 1867. 

Sur les oscillations qui se sont produites pendant la periode 

primaire dans le bassin de Laval. 4to. Paris, 1887. 

, et — Davoust. Bur le devonien du departciuent de la Sarthe. 

8vo. Paris, 1879. 

Omhoni^ G, l)i alcuni iiisetti fossile del Yeiieto. 8vo. Yenicc, 
188(5. 

Ofptn^ C, S. On Matters Geological. 8vo. Bloemfontein, Oran" 
Prce Stale. 


Orzahitl, A, Estudio critico y coinparativo de las reglas de Descartes 
y de 2se\vton resj)ecto al iiumero de raices de Ls ecuaciones nu- 
merieas. 8vo. Buenos Aires, 1880. 

Puleoiitologie Frarioaise. Serie I. Animaux luvertebrcs. Terrain 
Ci'etace. Livr. lyJ. Zoophytes par de Eromeiilel. 8yo. Paris, 
188(5. Pardtat^cd. 

^ ^ , Terrain Jurassicjue. Livr. 82. Criiioides, 

par P. i)e Loriol. 8vo, Paris, 188(5. ParchnmL 

. . . Terrains Tertiuires. Livr. G-0. Eocimo. 

Echiiiides. Tome i., par G. (Jot lean. bvo. Paris, 1880-87. 
Ptirchamd, 

. Ber. 2. Yegetaiix. Terrain Jurassique. Livr. 30-38. 

Ephedrees ; Bpirangieos el types Broaugiospermiquos par G. do 
Baporta. 8vo. Paris, 188(5. Piaxhased. 

Pennsylvania. Geohijical Survcff, Annual lieport for 1885, and 
Allas, bvo. liariisburg, 1880. 

Pet hi), J. Die tA’rtiarbilduiigeii des Eeher-IGirds-Thales zwisclicn 
dein Hegyes-Dj oesa- und iTess-lvodru-Gebirge. bvo. Budapest, 
1887. 

Phillips, J. A., and If. Bauonnan. Elements of Metalhirg}-. New 
edition. 8vo. London, 1887. Preaentad by P, Pauoriuau,Es(i., 
VJ\G.JS., ^x*. 

Polenus, Joannes, De motu aqua) mixto libri duo. 4to. Padua, 
1717. Preaented by the lioyal ^Society, 

Portugal. Commission des travaiix Geoloyiqms da Portiiyal. Ito- 
cueii d’etudes i)aleontologiques sur la lauue cretaci(]ue du Portugal. 
Yol. i. Especes nouvclles ou peu connuos par Paul Chotlat. 
Seric 1. 4to. Lisbon, 1880. 

Postlethivaite, J., and J, G, Goodchild, On some Trilobites from the 
Bkiddaw Blates. bvo. London, 1880. 
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PrestwkTi, J, On the agency of Water in Volcanic Eruptions. 8vo. 

London, 1880. 

. On Underground Temperatures; with observations on the 

conductivity of rocks ; on the thermal eflPects of saturation and 
imbibition, and on a special source of heat in Mountain llanges. 
4to. London, 1880, 

Queensland. Colonial and Indian Exhibition of 1880. Handbook 
of Queensland Geology by ii. L, Jack, 8vo. Brisbane, 1880. 

Quenstedt, E. A. Die Ammoniten des schwiibischen Jura. Ilcfte 
11-15. Text 8vo. Stuttgart. Atlas, 4to. 1880 & 1887. Pur- 
chased. 

Quiroga, F. Apuntes de un viaje por el Siihara occidental, 8vo. 
Madrid, 1880. 

Mauff, H, Ueber die Gattung Hindia Dune. 8vo. Bonn, 1880. 

Ray Society. The Larvm of the British Butterflies and Moths, by 
the late William Buckler. Edited by H. T. Stainton. Vol. ii. 
8vo. London, 1887. 

Rea^.^ T. M, The Origin of Mountain llanges, considered expe- 
rimentally, structurally, dynamically, and in relation to their 
geological history. 8vo. London, 1880. 

Reidf C, Norfolk Amber. 8vo. Norwich, 1880, 

. On the Flora of the Cromer Forest-bed. 8vo. Norwich, 

1880. 

Eenevier, E. Eapport sur la marche du Musee Geologicjue Yaudois 
eii 1880. 8vo. Lausanne, 1887. 

Reyer, E. Geologic der amerikanischen Eisenlagerstiitten (insbe- 
sondere Michigan). 4to. Vienna, 1887. 

. Ueber Erstarren. 8vo. Leipzig, 1885. 

Ricciardi, L. SulT allineamento dei Viilcani Italiani. — Sulle rocco 
eruttivo sottomarinc, subacroc e sottomarine e loro classilicazioiio 
in due period!. — Sul gradualc passaggio dcllo rocco acide alle 
rocce basiche.—Sullo sviluppo dell’ acido cloridrico dell’ anidride 
solforosa e del iodio dai vulcani. 8vo. lleggio-Erailia,! 887. 

EiviCTe, E. Paleocthnologic. De TAntiquite de rHommo dans los 
Alpes-Mantimes. Livr. 10-12. 4to. Paris, 1880 & ]S87. 
Purchased. 

Eoberts, Mary. The Progress of Creation, considered with reference 
to the present condition of the Earth. 8vo. London 1840. 
Presented hy W. Whitaker., Esq.., F.G.S. 

Rohon., J, F"., and K, A, v. Zittel. Ueber Ceratodvs, 8vo. 
Munich, 1880. 
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Homo do FTslo, J. E. do. Essai dc Cristallographio. 8vo. Paris, 

1 77"J. Pf'< s^mted bt/ tite Kotja] Soviet tf, 

CrislaWogra^diie ou descriplioTi des formes propros a tous les 

corps do rt'gne mindral. Secondo oditioii. Yols.i.-ni. Text, 8vo. 
Yol. iv. Mias, 4to. Paris, 1783. Fmented hj the lioj/al 
Sod tin , 

lidraer, F, Die Fossile FauDa der silurisclien Diluvial-Geschiebe 
von Sadewitz bci Oels in Nieder-Schlesieri. 4to. Ercslan, 1801. 
FurcJuised, 

Rondot, R. Efisai sur Ics proprietes physiques de la soie. 8vo. 
8vo. Paris, 1887. Presented by Thoracis Wardle, Esq,, F.O.S, 

Rosenbusch, H. Mikroskopische Physiographie dor Mineralien und 
Gcstcine. Zwoito Auflage. Hand ii. Abth. 1 . 8vo. Stuttgart, 

1886. Purchased, 

Both, J, Beitrage zur Petrograjihie von Korea. 8vo. Berlin, 
1886. 

Russia. Comite Gtoloyique, Bildiothequc Gdologique de la Russio, 
1885, No. 1 , rddigdc par S. Nikitin. 8vo. St, Petersburg, 188(). 

. . Tsvostia. 1886. (Bulletin.) Tome v. Nos. 1~8. 

8vo. St. Petersburg, 1886. 

. . . 1887. Tome vi. Nos. 1-5. 8vo. 

St. Petersburg, 1887. 

Memoiros. Tol. iii. Nos. 2 &; 3. 4to. St. Peters- 
burg, 1886. 

Rutot, A., ct E. Van den BroeeJe, Observations nouvolles sur le 
Tiifeau de Ciply et sur le Cretace snperieur du llainault. 8vo. 
Liege, 1S8G. 

Saadberr/er, F, von. Pupa (Vertigo) parcedentata-Gencsii und ihre 
YarieUiten-Reihe in dor Eiszeit und der gcgenwiiiiigeii Periode. 
8vo. Wurzburg, 1887. 

Deber einen neuen Pelckypodcn aus dem iiassauiscben Uii- 
terdevon, 8yo. Stuttgart, 1887. 

. Eemerkungen iiber einigo Hcliceen im Bernstein der preus- 

sischen Kiiste. 8vo. Danzig, 1887. 

Saxony. Geoloyische Landesuntersuclinny des K'onigreichs Sachsen, 
Erliiuterungen zur geologisclio Spccialkart o, Blatt 31, 98, 99, 116, 
117, 134. 8vo. Leipzig, 1886. 

SeJdnter, C. Archacocyathus im russischem Silur? 8vo. Berlin, 

1887. 

Schmidt, 0. The Mammalia in their relation to Primeval Times. 
8vo. London, 1885. Purchased, 
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Schumann, J. Geologische Wanderungen durch Altpreussen. 8vo. 
Kduigsberg, 1809. Purchased. 

fScudder, S. II. The Cockroach of the Past. 8vo. London, 1886. 

SiyudHza, O. 11 Lias inferiore nella Proviucia di Messina. 4to. 
Naples, 1885. 

. Monografia dcUe Sjnrifcrina dci vari piani del Lias Messiiiese, 

8vo. Home, 1885. 

. Plsame di una sezione naturale ncl Giurassico di Taormina. 

8vo. 1886. 

II Lias superiore nel territorio di Taormina. 8vo. Venice, 

1880. 

. II lictico di Taormina. Svo. Palermo, ISSO. 

. Sulla nota del Prof. G. Gemniollaro dal titolo : Sugli strati 

con Leptaona ncl Lias superiore di Sicili i. 8vo. 1886. 

/Shei'hora, C. iL, and P- Chapman. On some Microzoa from the 
Loti don Clay exposed in the Drainage Works, Piccadilly, London, 
1885. 8vo. London, 1886. 

Smythe, G. W. Views and De8cri])tioii of the late Volcanic Island 
off the coast of Sicily. 4to. London, n. d. Purchased. 

South Australia. Colonial and Indian Exhibition, London, 1886. 
Dibliography of South Australia, compiled by 2\ dill. 8vo. 
Adelaide, 1885. 

. Notes on Geological Map of Gumeracha and Mount Crawford 

Goldtields, by 11. P. Woodward. 4to. Adelaide, 1886. Pre^- 
seated by the Colonial Couernment. 

. Presented by the Secretary of State for the 

Colonies. 

. lleport on Geolog}* and Mineralogy of Northern Territory, 

by J. E. Tenison Woods. 4to. Adelaide, 1886. Presented by 
the Secretary of State for the Colonies. 

. lleport on the LTooloo Goldfield. Py 11. Y. L. Brown. 4to. 

Adelaide, 1887. Presented by the Colonial Cooernnient. 

Spain. Common del maim Geoloyico de Esimha. Bolotin. Tomo xiii. 
Cuaderno 2, 8vo. Madrid, 1886. 

Memorias. Desciipcidn fisica 5^ geoldgica de la 
Provincia de Zamora, por G. Puig y Larraz. 8vo. Madrid, ! 

. . . Descri])cidn fisica y geoldgica de la Provincia 

de Alava, por D. llamdu Adan de Yarza. 8vo. Madrid, 1885. 

Spratt, T. A. B. On the Gcologj' of Malta and Gozo. 8vo. 
Malta, 1852. Pui chased. 
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Spiirrell, F. C. J, On some Palaiolithic Knapping Tools and Modes 
of using thorn. Svo. London, 1883. 

. Palaeolithic Implements found in West Kent. Svo. Lon- 
don, 1883. 

. Early Sites and Emhankraents on the margins of the Thames 

Estuary. 8vo. London, 1885. 

. A Sketch of the History of the Hi vers and Denudation of 

West Kent , &c. Svo. Greenwich, 188(>. 

Stahilo, J. Fosailes des environs du lac dc Lugano. Svo. Lugano, 
1 8 1)1. 1 i rl iff set I, 

Steen ^fr up ^ J, J, S, Kjokkcn-miJddinger. Svo. Copenhagen, 
1880. 

Steinmann, (r. GoologischerFiihrer der Umgegend von Metz. 8vo. 
M ( ‘t z , 1 882. Pi (ir/i ai>e( /. 

Stniclimfiiin, C, Die Portland-Lildungen der Umgegend von Han- 
nover. Svo. Lorlin, 1887. 

Sutcliffe, J. The Geology of the Avon. Svo. Bristol, 1822. 
Purchased. 

Svedinarl', E. Kagra ord med anledning af A. E. Tornehohras ro- 
ferat iitVer Karihladen “FurusuiuU’ ocli ‘Mlndmansd samt 
Gahbron pa lladrnansd.’^ Svo. Stockholm, 1887. 

Switzerland. Commission de la Carte Gaoloiflque de la. Suisse. 
Beitriige. Lief. 24. Centralgehiet der Schweiz enlhalton a-uf 
Blatt xiii., von A. Baltzer, F. J. Kaufmann, C. Moosch, und K. 
Maycr-Eyinar. Erster Theil. Emmen- und Schlierengegenden 
neb.st Umgebungen bis zur Briijiigstrasso und Linio Lur.gorn- 
grafonort, von F. J. Kaufmann. Text and Atlas. 4to. Berne, 
1880. 

Symonds, W. S. Old Stones. Svo. Malvern, 1855. Purchased. 

. Becords of the Bocks. Svo. London, 1872. Purchas d. 

Tate. 11. Post-Miocene Climate in South Australia. Svo. Adelaide, 
1885. 

. Supplemental Notes on the Palliobranchs of the Older Ter- 
tiary of Australia., and a Description of a Jiew Species of Uhijn- 
chonclla. Svo. Adelaide, 1885. 

. The Lamellihranchs of the Older Tertiary of xVustralia. 

Part 1. Svo. Adelaide, 1885. 

. . Part II. Svo. Adelaide, 1887. 

. A Bevision of the Becent Lamellibranch and Palliobranch 

Mollusca of South Australia. Svo. Adelaide, 1887. 

r. Descriptions of some new Species of South-Australian Marine 

and Freshwater Mollusca. Svo. Adelaide, 1887. 
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Teall^ J.-J, Harris . Britisli Petrography. Parts 7-10, 8vo. 
Birmingham, 1880. 

Tolstoi, L. What 1 believe. Translated by O. Popoff, 8vo. London, 
1885. 

Toner, J. M. Address before the Rocky-Mountain Medical Associ- 
ation, June 0, 1 877, containing some observations on tlie Geological 
Age of the Woild, the ap])earance of Animal Life upon the Globe, 
the Anti(piity (3f Man, and the A rchmologieal llemuins of Extinct 
Races found on the American Continent, with views of the Origin 
and Practice of Medicine among Uncivilized Races, more especially 
the IS'ortli-AiiKirican Indians. 8vo. Washington, 1877. Pre- 
smttd hy W. S. Dallas^ Esq., P,L,JS. 

Tojnnard, P. Les caracteres simieiis de la machoire de la Naulette. 
8vo. Paris, 1880. 

Toplejj^ W, Report of the Committee on the Erosion of the Sea- 
coasts of England and Wales. 8vo. London, 1880. 

TJmlauft, Fr. Die Alpon. llandbuch der gesammten Alpenkunde. 
Abth. 1. 8vo. V ienna, 1 880 ? Purchased. 

. Die Alpen. Abth. 2. 8vo. Yienna, 1880. Purchased. 

United State's. Geological Survey. Bulletin. Nos. 24-33. 8vo, 
Washington, 1885 A 1880. 

Fifth Annual Report (1883-84), by J. W. Powell, 
Director. 4to. Washington, 1885. 

Mineral Resources of the United States (1885). 
8vo. AYashington, 1880. 

. . Monograjdis. A^ol. x. Dinoccrata, a Monograph 

of an extinct Order of Gigantic Mammals, by O. C. Marsh. 8vo, 
AVashington, 1880. 

. . . A’'ol. xi. Geological History of Lake Lahontan, 

a Quaternaiy Lake of North-western Nevada, by J. C. Russel. 
4to. AVashington, 1885. 

. Geological and Geographical Survey of the T(jrritories. 

Second Division. Re])ort on the G ecology of the Eastern portion 
of the Uinta Alountains and a region of country adjacent thereto. 
By J. W. I’owell. 4 to. AVashington, 1870. Purchased. 

Treasury. Annual Report of tlio Director of the Mint, for 
the 3'ear ending June 3U, 1880. 8vo. AVashington, 1880. 
Presented fry J. Kiiuball, Esq. 

. War Department. Corps of Engineers U.S. Army. Report 

upon the Third International Geographical Congi’ess and Exlii- 
bition at A'cnice, Italy, 1881, accompanied hj Data concerning 
the principal Government Land and Marine Surveys of theAVorld, 
by G. M. Wheeler, 4to. Washington, 1885. 
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Yictoria. Department of Mines. Anoual Ilei)ort of the Secretary 
for Mines and Water Supply, to the Honourable J. L. Dow, !M.V., 
Minister of Mines for Victoria, on the working of the ] Regulation 
and Inspection of Mines and Mining Machinery Act during the 
year 18S5. 4to. Melbourne, 1880. 

. . Gold-Fields of Victoria. Iteports of the Mining 

llegistrars for the quarter ended 31st March, 1880. 4to. Mel- 
bourne, 1880. 

. for the quarter ended 30th June, 1880. 

4to. Melbourne, 1880. 

for the quarter ended 30th Septem- 
ber, 1880. 4to. ^Melbourne, 1880. 

for the quarter ended 31 st December, 
1880. 4lo. Melbourne, 1880. 

. . Mineral Statistics of Victoria for th.o year 1SS5. 

lieport of the Secretary for Mines to the Hon. Minister of Mines. 
4to. Melbourne, 1880. 

Vilanova y Piera, Juan. FiUsayo de Diccioiiario geografico-geologico. 
8yo. Madrid, 1884. 

VoydeSf A. \V. Descri])tion of a Kew Crustacean from the (dinton 
Group of Georgia, witli liemarks upon others. 8vo. !New York, 
1880. 

Voni Hath, G, Uober Colemaiiit. 8vo. Stuttgart, 1885. 

. Vortriige und Mittheilungen. 8vo. Bonn, 1880. 

— . Wortc derErinnerung an Dr. Martin Websky. 8vo. Bonn, 
1887. 

. Worte der Erinnerung an Professor Dr. A. von Lasaulx. 

8vo. Bonn, 1887. 

. Einige geologische YVahrnehungcn in Mexiko. 8vo. Bonn, 

1887. 

. Ueber kiinstliche Silbcrkrystalle. 8vo. Leipzig, 1887. 

Ueber Cristobalit vom Cerro S. Cristobal bci Pachuca 
(Mexico). Svo. Leipzig, 1887. 

WclJmer, F. Bcitrage zur Kenntniss dertieferen Zonen dcs untenm 
Lias in den nordostlichen Alpen. 2-4 Theil. 4to. Vienna, 
1880. 

Wahnschaffe, F. Die lossartigen Bilduugen am llando des nord- 
dcLitscluai Fiachlandes. Svo. Berlin, 1880. 

-. ^Mittheilungen iiber das QuarUir am Kordrande des Harzos. 
8vo. Berlin, 1880. 
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Walcher, E. On the Influence of Fluctuations of Atroosphcric 
Pressure on the Evolution of Fire-damp. Translated by G. (J. 
Bagster. 4to. Vienna, 1886. Purchased, 

Wardle^ T, Les Soics des Vers Sanvages de IMnde et leur emploi 
dans rindustrie. 8vo. Paris, 1887. (See also Rondot, IS'.) 

Warington, R, A Contribution to the Study of Well-waters. 8vo. 
London, 1887. 

Western Australia. Report on the Geology of the Kimberley Dis- 
trict, Western Australia, by E. T. Hardman. 4to. Perth, 1885. 
Presented hy John Forrest, Esq,, C,M,G,, F,G,S, 

WdUams^ J, Life in the Soudan : Adventures amongst the Tribes, 
and Travels in Egypt, in 1881 and 1882. 8vo. London, 1884. 
Wmclcler, T, C, Histoire de ITchnologie. Etude Tchnologique sur 
les empreintes de pas d’animaux fossiles suivie de la description 
des plaques a impressions d’animaux qui so trouvenb au Musee 
Teyler. 8vo. Haarlem, 1886. 

Woltersforff, IF. IJeber fossilo Frbscho insbesondere das Genus 
P(d(Tohair((clivs, ii. Thoil. Svo. Magdeburg, 1887. 

Woods, J. Fj, Tenison, Report upon the Geology and Mineralogy 
of the Korthern Territory of South Australia. Svo. Darwin, 
Kortheni Territory, 1887. 

Woodward, IT,, and T, Rupert Jones, Fourth Report on ihe Fossil 
Phyllopoda of the Palaeozoic Rocks. Svo. London, 1886. 

, . (Revised.) Svo. London, 1886. 

Woodward, IT, B, Kot(‘S on the Geology of Brent Knoll, in Somer- 
setshire. Svo. Bath, 1887. 

. Kotos on the Ham Hill Stone. Svo. Bath, 1887. 

. The Geology of England and Wales, wilh Kotos on the 

Phvsical Features of the Country. Second Edition. Svo. Lon- 
don, 1887. 

TFnV/7//, T. Monogra])h on the Lias Ammonites of the British 
Islands. 4to. London, 1878-86. Beqae<(thed, 

Yarkand Mission. Scieiilific Results of the Second Yarkand l^lission ; 
Memoir of the Life and Work of F. Stoliezka, Bh.l)., Pakeonto- 
logist to the Geological Survey of India from 18613 to 1874, bv 
V. Ball. 4to. London, 1886. Presented hy the Government of 
India, 

Younff, J, Kotos on Cone-in-Conc Structure. Svo. Glasgow, 
1885. 

Zlttel, K, A, V, Feher Ceratodas, Svo. Munich, 1886. 

. 1. Pobov Ceratodvs. 2. Feljcr vcrmcintlichc Hautschilder 

fossilcr Store. Svo. Munich, 1886. 
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Carez, L., et G. Yasscur. Carte Geologinue do France. Feuillps 
1 ), 8.0., N.K, 8.E.; ,10, 8.E.; 11, N.O., s.O. ; 12, N.E.To. 
8 .E. ; and 15, !N.O., N.E. 77 ^ 0 ^, o-xr* TurchaaecL * 

France. Depot de la Marine, 4 sheets of charts and plans of vari- 
ous coasts. 


Hesse. GrossherzofjUch hesstsche r/eolot/ische Landemmtalt, Geolo- 
^rischo Specialkarto. Eief. 1. Blatt Messel und Blatt 

Jtossdorf. Darmstadt, 1S<S0. 

JfiicJtcocl', C. If. Geological Map of the United States and part of 
Canada, to illustrate the Schemes of Coloration and Nomenclature 
recoiuiriendod by tlie International Geological Congress. 1886. 

New Jersey. Geolo;/ical Surv^ff, Atlas of New Jersey. Sheets 
Nos. 8, 1 1 , and 12. ((i. IT. Cook, State Geologist, New Bruns- 

wick.) Scale 1 mile to 1 inch. lSS7. 

Norway. Jnstitat [ft (yjraplii^po' de NorvP'je cf ht seefion 

di Vldat Mojor (It'nrraL Den (Jeologiska Undersdgelso. Karte 
15 i: and 2U .v. 

Ordnanci* Snrvi'V M:i]>s. Presetdf d ioi the Pirst Cohi iHL^sioitee of ]]^otI'S, 

One-inch General Maps. England and Y’ ales. N. S. Outline. 
r> Quarter-sheets. 

. 1 reland (Hills). 2 Quarter-sheets. 

. Scotland. 10 Sheets. 

Six-inch County ^Maps. 22 Sheets ; 725 Quarter-sheets. 

Photograph of a Quartzite Pchhle found in a Coal Scam, S. Statford- 
shire. (Geol. Mag., July 1872>). Presented hij Prof. T. G. Bomiey. 
F.P.S., V.P.G.kS. 

Photograph of the Central Part of the Crater AVall, Pic Ilakata, Isle 
of Krakatau ; with a Note hy It. D. M. Verheek. 1886. Pre- 
senteel hy the Covat van Py/andt, Ah therJands lUinlster. 

Photograidi of the Section in !Mr. Green’s Pit, at Sudbury, Suffolk 
(Geol. Mag., Juno 1887). Presented by J. E. Marr, Esq.., P.G.E. 

Photographs of New Zealand Bryozoa, described in pajicrs in 
Quart. Journ. Cieol. Soc. vols. xlii. (S: xliii. Presented hy 
A. W. Waters, Esq., F.G.S. 

liarnanovsley , G ., et I. Moiicldeetow. Carte geologiquc dii Turkestan 
Bussc. Pklition 1885. Echellc y^xioudo* Feuilles. Fol. 
St. Petersburg, 1880. 
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Ruth veil, J. Map of the English Lakes and adjoining country, 
geologically coloured. Scale 3^ miles to 1 inch. 1855. Pre- 
sented hy W, WhitdJcer^ Esq., F.G.S. 

Saxony. Geologische LandesuntersucJumy dcs Kom<yr(4clis Sachsen. 
Geologischc Speciulkartc. lilatt 31, 98, 99, 110, 117, 134. 

■2i70(JO* 

Shcrwcll, W. S. A (zoological Max> of Ziliah Jhliar. Six miles to 
an inch. Presented hy W. T. Thiselion Dyer, Esq., C.M.G., F.ll.S. 

United States, Geological Map of the, hy C. IT. Tiitchcoclc. 1880. 

Wilson, C. IT. Mountain Region of Ihitisli Honduras. Scale, 
20 mm. = 5 miles. Coloured and uncoloured coj)ies. 


11. ADDITIONS TO THE MUSEUM. 

Four specimens, hcqueatJicd io the Society l)y the late Cah^h Evans, 
Es(j., F.G.S., viz. : — Two specimens of Elytra of lleclJes from the 
London Clay of Peddiam. One s])ccimen oi‘ Ihlaocorysles yJahrtr, 
II, Woodward (Ctuart. Journ. Geol. Soc. vol. xxvii. ]>. 90 ), and 
one specimen of Litoruola ylahra, 11. Woodward ((luart. Journ. 
Geol. Soc. vol. xxix. p. 29), both from the I^ower Eocene of Ports- 
mouth. 

A collection of Bock Spccimons of ihe Bocks of Assouan on the 
Upper Aile ((ieol. Mag. 188(), p. 101, &c.). Jhrsented In/ Sir J, 
W. Dawson, C.M.G., F.ll.S., F.G.S., and Prof. T. G.' Bouncy, 
F.B.S., V.P.G.S. 
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1. On ihc Skull and Dektition of ft Tkiassic Saukiak ((jialesauru.s 
plaiiicops, Ow.). By Sir BicnAiii) Owen, K.O.B., FJLS., 
F.G.S., (Head !NovcTiil)or 3, 1880.) 

[Pl.ATK 1.] 

In the year 1858 it waw niy good fort une to receive from Sir George 
Grey, K.CJ.IL, Goverjior of tlie ('ii])e of (jiood Hope, a fossil skull from 
the Triassic sandstone of the Bhenosterherg, whicli combined dental 
characters, indicated by the sockets and fragments of teeth, most 
resembling tijosc of a Carnivorous Mammal, with the unequivocal 
cranial structure of a Saurian Reptile. 

This interesting evidence of the A^ertebrate life of that geological 
period and locality is described and figured in my ‘ Catalogue of the 
Fossil lieptilia of South Africa,' 4to, 1870, p. 23, pi. xviii. figs. 6-11 , 
as a species of an extinct genus, Gnhsauras, and as the type of a 
Division of the CHass Beptilia, subsccpient accessions to which, also 
described and figured in the same work, led me, by similar modifica- 
tions of the dentition, to group them in a divstinct suborder termed 
Tlieriodontla (op. cH. p. 15), 

The collection of fossils from the same formation, in the locality 
of ‘ Theba-chou,’ Basuto Land, subsequently deposited in the Geolo- 
gical Department of the British Museum of Natural History, by 
Dr. Exton, which, together with the evidence of a mammalian 
genus (T7'itylodon)., included remains of the reptilian genera Kiste- 
Q. J. G. S. No. 169. B 



2 


SIR R. OWEN 0 ^ A TRlASSIC SAtTRlAK. 


cephalus and Batrachosawrvs, has also furnished the subject of the 
present paper. 

Characters of the skull and teeth, more or less mutilated in the 
original specimen of Galesaurus^ have been brought to light by careful 
removal of the adherent matrix from the present fossil, under the 
superintendence of my friend Mr. W. Davies, Assistant in the 
Department. 

Cranial and dental characters, so exposed, are given in the annexed 
drawings of the natural size (PL I.) ; to one of which (fig. 2) is added, 
in outline, the better-preserved occipital region of the typical speci- 
men of Oalesaurus^ now also in the Geological Department. 

In both specimens the reptilian nature of the fossil is exemplified 
by the single occipital condyle (figs. 2 & 3, i) and by the degree in 
which the ex- (2) and supra- occipitals ( 3 ) slope forward as they rise 
to join the parieto- mastoid elements, 7 -s. The restricted pro])or- 
tioris of the brain are concurrently exemplified by the ])arieto- frontal 
ridge-like roof and steeply sloping side-\A alls of the cranial cavity 
(fig. 2, 7). The mass of the temporal muscles is indicated by the 
wide span, Z, of the strong Z3^gomatic arches, the ])arietal boundaries 
of which meet and develop a median crest, to which the frontals, n, 
also contribute a small })roportion. No trace of sagittal suture 
remains: the chief difference in this part of the cranium from a 
mature male of a placental or marsupial Carnivore is the retention 
of the evidence of a primordial “ gullet- tract,’’ manifested by the 
“ pineal ” or “ infundibular ” orifice (fig. 2, The orbits, 0, have 
a strong uninterrupted bony rim, formed above by the pre- (h) and 
post- (12) frontals, which unite suturally and exclude the mid 
frontal (figs. 1 & 2, 11); the orbital frame is completed bolbro aiul 
below by the lacrjmial, maxillary" (21), ajid malar (20) bones. A 
strong, vertically broad element (s) of the zj^gomatic arch seems to he 
excluded from the orbit by a suturally joined malar and ])ostfrontal ; 
the arch bends outward to augment the space for the temj)ora] 
muscle, and broadly joins the mastoid to form the hind wall of the 
wide temporal fossa ; the muscles so indicated relate to vigorous 
working of the canine weapons. 

The plane of the orbit slopes forward and from above downward 
and outward (figs. 1 & 2, 0, 0). The frouto-nasal suture runs across, 
in a line with the fore border of the orbits. The nasals (if)) diverge 
anteriorly to form the sides of a single almost terminal outer nostril 
(n), which exposes the foro border of a bony septum. In some other 
Triassic Hep tiles {Cynosuchus, e. g.) the nostril is single. The pre- 
maxillaries complete the nostril. The palatal region (fig. Jl) repeats 
the same general characters as in previously described Theriodonts 
where it has been exposed, e, cj. in Dicynodon leoniccps {ojy, cit, 
pi. xxvi.), Oudenodon maynus {ih. pi. Ivi.), Oudenodon hrevii'ostris 
{ih, pi. Iviii.). 

The pterygo-maxillary vacuities (fig. 3, y) are large, but relatively 

* See * Essays on the Conario-hypophysial Tract, and on foe Aspects of the 
Body in Vertebrate and Invertebrate Animals.* By Richard Owen, F.R.S. &c. 
8vo, 1883 (Taylor and Francis, Red Lion Court, Fleet Street, London). 
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lees than in the toothless Triassic species quoted. Their proportions 
and periphery are more nearly repeated by the Crocodiles, among 
recent forms, than by any known si)ccie8 of Lizard or Chelonian. 
The pterygoids (fig. *3, 24 ) divide, with the presphenoid, these vacu- 
ities from each other; the diverging fore ends of the pterygoids join 
the palatal and palato-maxillary boundaries of the posterior nostrils 
{palato-nareii). As in the Triassic Licynodonts and later Crocodilia, 
the palate is toothless. 

The mandible is deep and strong ; the rami coalesce at the sym- 
physis ; but the sutures between the constituents of the rami arc 
retained, those, for cxamjfic, between the dentary (32), the angular 
(30), and surangular ( 2 y) (figs. 1 3). 

The angle of the jaw is not produced, as in the Crocodile, beyond 
the articular element ; in g.neral shape and bony strength the man- 
dible of Gideaauriis resembles that of a Mammal. 

The dentition of the j)reHeut specimen is in a state of preservation 
so much better than in the type Calesaur, as to call for the present 
description and illnsti. *ons. 

The series of n])])er molars of that fossil {op, vit, j)!. xviii. fig. 7) 
wert^ restored as to number in pi. xviii. from remains of the inner 
cmamol-coating of parts of the crown and of the fangs of teeth of 
the upper jaw. The opposing molars of the lower jaw afforded 
fui'ther indications of molars, and better ones of the canines and 
incisors. The laniariform character of the canines, their number, 
position, and relative size, clearly indicate th. resemblance of these 
teeth to their homologucs in the carnivorous Mammalia. 

In th(^ subject of the present paper the entire erowJi is preserved 
in four of the uppiT molars ; the enamelled portion, or crust, shows 
less length and gre^ater l)readth than appears in the above-cited 
restoration (LSTO), in which part of the j)r(;served fang is included 
iu the restored outline of the crown. In the perfect molars of the 
])resent specimen ( fig. 1 ) the crown shows less length and greater 
breadth than in tlie jjrevious restoration ; it is moderately convex 
externally, triangular, with the base flanked by a short cusp before 
and behind ; the corresponding margins of the crown are finely 
crenulate, as in the molars of Offnodraco {op, cit, pi. xvii. fig. 6) and 
Lycosaarus (])1. xv. fig. 5, op, rlt,) An enlarged outline of a perfect 
upper molar is now given in 13. 1, fig. 4. The incisors with longish, 
slender, simj)lo-pointed crowns are eight in number in both upper 
and lower jaws, four in each premaxillary opi)osed or partially 
interlocking with the same number in each mandibular ramus ; 
they show a slight increase of size from the first to the fourth. 
The canines (fig. 1, c, c'), one on each side of both upper and 
lower jaws, have the same laniariform shape and size of crown 
as in the original fossil of Galesaurus {loc, cit. j)l. xviii. fig. 7, c). 

A corresponding interspace for reception of the crowns, the mouth 
being shut, breaks the dental scries. In the right maxillary bone 
the long, deeply implanted root is exposed ; the corresponding part 
of the lower canine is similarly exposed in the left mandibular 
ramus. The sum of these characters is shown in the side of the 

b2 



4 


8IB K. OWEN ON A TKIASSIC SAURIAN. 


fikuU selected for the profile -view in fig. 1, PL I. trace of 
snccessional teeth, as in ordinary Sanrians, has been discovered. 

Crocodiles and Alligators, both existing and extinct, have two or 
more teeth of canine proportions on each side of both upper and 
lower jaws, the largest and most conspicuous being developed from 
near the middle of the dental rank* * * § ; but these teeth differ in shape 
from those of Mammalian Carnivores and Galosaurs, have thicker 
crowns, subcircular in transverse section, chiefly diflering in size 
from the smaller teeth before and behind them. A similar character 
and disposition of destructive canines is shown by the fossil jfiws of 
the Oolitic great extinct carnivorous Sauriaus — Mcgalosaarus^ for 
examine. In the Triassic Labyrinthodonts the destructive and pre- 
hensile lauiarics occupy the foremost end of the dental series, arc 
four in number, two on eacli side, and by position in the lower 
jaw would rank as incisors ” rather than canines f* 

In the poisonous Snakes the canines, in number and position, 
resemble those in the upper jaw of carnivorous Mammals, but are 
limited to that locality, and have the well-known modifications of 
structure and attachment in purposive relation to the infliction of a 
venomous wound J. 

As a rule the dental series, in existing Lizards, shows teeth of 
nearly uniform shape, and either similar in size (see figs. 1, 2, .‘3, 4, 
pi. Ixvi., ‘ Odontography,’ vol. ii.), or gradually increasing, chi(ifly 
in breadth of crown, from before backw’ardB (hgs. (>, 7, toe. eh,). 
Moreover the cement-clad roots coni ract bony union witli the jaw- 
bones, both upper and lower ; whilst in (Jalemums the teeth, besides 
being distinguished, as in Mammals, by tlieir dificrential character 
as incisors, canines, and molars, arc imjdantcd fi*eoly in sockets of 
due depth, the cold-blooded characters being manilested solely by the 
greater number of teeth following the canines, and by the absence 
of those developmental and formal distinctions which enable the 
naturalist to classify them, in Mammals, as “ i)rcmolars ” and 
“ molars.” 

Here, however, I may remark that some extinct Mammals of the 
Oolitic period have retained the earl-'T JiCptilian character of the, 
geologicall}^ older subject of the lu'eseut communication. I refer to 
the excess of number of the molar teeth in Amplutlierimn (Ifrit. 
Foss. Mammals, 8vo, LS4(), p. fig. 15, p. d4. fig. Ki), a character 
still retained in the existing Australian Myrmecohius. (Jah'saurus 
also resembles that and other ]flarsupials§ in the number and 
relative size of its upj)er incisors, while retaining the same number 
below. 

One cannot rise fi'om these comparisons w'ithoiit speculating on 
the association of the degree or mammalian dental resemblances 
manifested by the teeth of the old Triassic Ib'ptile at the southern 

* ‘Odontography,’ toI. ii. (Atlas), pi. 7.5 c. figs. 1 & 2. 

t Tom. cit. pi. 63 a. figs. 4 & .5. 

} 2hni. cit. pi. ()3. figs. 8, 9, 13. 

§ Tom. cit. pi. 98. fig. 1, IhylncmKs , fig. 2, Dasyimis-^ fig. 3, Phmeoyale ; 
fig. 4, JMyrmecobiiis. 
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end o£ Africa with the exceptional incisory and molary characters 
of some of the low Australian forms of Mammals still in existence 
at the Antipodes. 


EXPLANATION OP PLATE I. 

Skull of Galemurm planiccpSy Ow. 

Fig. 1. Side view. 

2. Top view. 

3. Ease view. 

4. Magnified view, outer side, of molar tooth. 

(All the figures, save 4, are of the natural size.) 

Discussion. 

The President referred to the skilful work of the masons in the 
British Museum, under the able direction of Mr. William Davies, 
and was glad to tied that the Author's previous suggestions as to 
structure were fully confirmed. 

Mr. Cruttwell questioned the Triassic age of the South- Afri(tau 
beds in (|uesti()n. They wu^ro in conformable sequence to beds full 
of uiidou])ted Carboniferous fossils. JVIight not Ualcsanrus rank as 
a (varboniferous Am})hibiau? 

Prof. SiuiLEY remarked on the admira])lo description of this 
specioa which the Author had givam, and regretted that he was un- 
able to concur in tlio conclusions as to its ehissili cation. Ho cou- 
tonded that the tcriu Thoriodoiitia used for tliis animal and its allies 
was based on resemblances of analogy which did not im])ly affinity, 
and that other rei.tilc types had as good a claim to be termed 
Tlieriodont from resoniblanees to other miunmalian forms of den- 
tition, and it would be absurd to institute ordinal groups for them. 
He maiiitainod that tlio developed tooth in tlie t)()sition of a canine, 
in these fossils, was not a eharaeter on which an order could be 
based, spencer’s invest igatioji of the organ resembling an eye 
whicli occii])ics the ])aiictal foramen gave now interest to its pre- 
sence in the fossil, ))ut the e]iara(‘ter was not Theiioid. Jii the con- 
struction of lire ])alutG he found no diHerence of jdan from the 
other Anomodoiitia. There were difiercnces from Lizards in the 
mode of union of the pterygoid Imnos wit h the sphenoidal mass ; 
but the fossil showed no distinctive ty])e in this region. He urged 
that iiie mammalian resemblance noted in the form of the brain- 
case was ecpially delusive ; for although ProcolojJion was far from 
being the nearest ally of Galcsaurus^ he thought the resemblance 
between them in the fore part of the skull, in the divided nares 
and forms of th6 bones, jnstifa^d liim in saying that there was no 
more difference bet ween those genci-athan differentiated, in another 
order, the Cholonian genus Chitra from the Sea-Turtlo, Chelone. 
He therefore considered it unfortunate that an ordinal group, 
Theriodontia, should have been instituted for those Anomodonts. 

Prof. T. Bupert Jones said that the Stormberg beds, in which 
the Galesaurus is found, lie somewhere between Paheozoie and 
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aad.\iQ eixpiess^ la\s dou\5fcft sts to ttio Palaeozoic fossils 
which were alleged to have been found. 

Mr. LpEKKBR confirmed the remarks of Prof. Seeley, and ex-^ 
pressed his regret that Sir R. Owen had not described one other 
specimen in the British Museum. It would be sufficient to regard 
these fossils as constituting a suborder only. 

Dr. Woodward thought that thanks were due to Dr. Exton, and 
remarked on the difficulty of getting specimens from Bloemfontein ; 
exchanges of this kind were valuable. He instanced the acquisi- 
tion of Tritylodon and fish-remains not previously known. He 
differed as to the Carboniferous age of the beds, and considered that 
the Trias would represent the extreme of their possible antiquity. 

Dr. Blanford said that he had protested against the term Triassic 
on the last occasion when Sir R. Owen had described a mammalian 
skull from the Stormberg beds, and he still thought it a matter for 
regret that these interesting fossils were definitely assigned to a 
particular geological system, although it was notorious that the 
evidence of age was far from clear. The speaker pointed out that 
some remarkable similarities in Indian beds, and the asserted pre- 
sence in the Stormberg beds of plants common to the Jurassics of 
Australia, indicated that the beds from which Gahstmrus was ob- 
tained were at least as likely to be eTurassic or even Neocomian as 
Triassic. 

Mr. Ceitttweli referred to the abundance of Carboniferous plants 
which might be observed at New'^castle and Dundee, in Natal, and 
he repeated that the Karoo beds may be seen to overlie these in 
sequence on the route from Camden to Practoria. 

The President regretted that the Author, through illness, was 
not able to be present to reply to the criticisms as to the systematic 
})OBition of these forms and the geological age of the bods in which 
they occur. 
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2. The Cetacea of the Suffolk Crag. By E. Lybekkeb, Esq., 
B.A., F.G.S., &c, (Bead Noveiaber 3, 1886.) 

[Plate II.] 

The fossil Cetacea of the Suffolk Crag have already formed the 
subject of several memoirs and papers, although no complete 
treatise has as yet appeared on the whole group. Of the more 
important memoirs the earliest is one by the late Prof. Henslow, 
which appeared in the Society’s ‘Proceedings’ for 1843* * * § , and con- 
tains a description by Prof. Sir E. Owen of four specimens of the 
tympanies of the Balwnidoe. In Sir E. Owen’s ‘ History of British 
Fossil Mammals and Birds ’ (1846) those specimens are again de- 
scribed, and the genus Balcanodon is founded on the evidence of an 
imperfect tooth. In 1864 Prof. E. Eay Lankester t published a 
paper on Crag fossils containing a notice of some delphinoid remains ; 
while in another memoir, which appeared during the same year 
in the Society’s ‘ Journal ’J, Prof. Huxley described the rostrum of 
one of the Ziphioids under the new generic title of Belemnoziphiiis, 
In 1870, Sir E. Owen contributed a monograph of the Ziphioids to 
the Palaeontographical Societj^ ; and in the latter part of the same 
year Prof. Lankester § published the description of a rostrum be- 
longing to the same group. Finally, in 1884, Prof. Flower, in part 2 
of the ‘ Catalogue of the Vertebrata in the Museum of the Eoyal 
College of Surgeons,’ provisionally referred a considerable number of 
tympanies of Bahmidcp bo the four si)ocies determined by Sir E. 
Owen, without entering into the (luestion of the correctness of the 
generic determination. Two specimens were, however, regarded 
as distinct from all these four species : one of these was referred to 
Balxma and the other to Balmnoptera. Some incidental references to 
Crag Cetacea occur in the works of foreign palaeontologists, which 
need not bo definitely quoted. 

In the course of preparing the ‘ Catalogue of the Fossil Mammalia 
in the British Museum,’ I have been led not only to examine every 
specimen of the remains of Crag Cetacea contained in that collection, 
but have also examined the coUections of the Museum of the Eoyal 
College of Surgeons, of the Museum of Practical Geology, and of 
the Ipswich Museum ; and I have also paid a visit to the Brussels 
Museum in order to compare the unrivalled collection of Pliocene 
Cetacea contained in that institution with the English specimens ||. 

* Proc. Gool. Soc. vol. iv. pp. 283-286. 

t Ann. & Mag. Nat. Hist. ser. 3, vol. xiv. p. 3.56. 

X Quart. Journ. Geol. Soc. vol. xx. p. 388. 

§ Jbid. vol. xxvi. p. 502. 

II I desire to express my obligations to the Director-General of the Geolo- 
gical Survey, and Mr. E. T. Newton, of the Museum of Practical Geology, to 
Dr. J. E. Taylor, of the Ipswich Museum, and to the Director and M. L. Dollo 
of the Brussels Museum, for their courtesy in placing the collections under 
their charge at my disposal, as well as for the opportunity of borrowing some 
of the most important specimens. 
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As the result of these extensive comparisons, I have been able not 
only to add a considerable number of species to the British fauna, but 
to make several important emendations in regard to nomenclature, 
and also as to the affinities of certain forms which have hitherto been 
but very improperly known ; and I have accordingly thought it 
advisable (with the permission of the Director and the Keeper of the 
Geological Department of the British Museum) to bring these results 
in a collective form under the Society’s nolice. I think 1 may be 
congratulated that I have not found it necessary to make any new 
species. 

Before proceeding to the descni>tive part of the paper it may be 
advisable to stale that my own observations fully eonlirm the con- 
clusions arrived at by Prof. Lankester, as to the essentially Diestian 
affinities of the English Crag Cetacea. In the Coralline Crag the 
specimens are usually inet with in an unrolled condition ; and 
although the remains found in the bone-bed at the base of the Bed 
Crag are much rolled and water-worn, yet specimens belonging to 
the same species are found occasionally in the upper portions of 
that deposit, in a more or loss uninjured condition, which clearly 
proves that such species were inhabit ants of the Pliocene sea during 
the dexiosition of the Bed Ch*ag. AVith tliese introductory remarks 
the consideration of the fossils themselves may bo undertaken 

Balivuid(i \ — (/ommencing with the Balmnine section of the family, 
it appears to me to be advisable to include in the genus Halo tia 
both Balirnotus and Balintida of Ahin Beneden, as these forms seem 
to be nothing more than jiriraitive Bight Whales, in which the 
anchylosis of the cervical vert ebne had not attained the full develop- 
ment characteristic of the existing forms. Of the four tympanies 
described by Sir B. Owen in the fourth volume of the Society’s 
‘ Proceedings,’ and in the ‘ British Fossil Alammals and Birds,’ under 
this generic designation, the only one that really lielongs to Bahvna 
is B. ajjd^uis. The type-tympanic is not of very large size, but there 
are specimens in the British Aruscrirn {e,g. Ko. *40681) corresponding 
in form Avhich indicate. a speeies fully as largo as, and ajiparontly 
closely allied to, the Greenland Wliale ; there are similar specimens 
in the Brussels Museum which have been referred to B. prhmgema^ 
A^an Beneden (a reference which, if correct, Avould indicate that the 
latter name is a synonym of B, which differ from ty])ical 

tympanies of that species. The tymj)anic of B, affinu' is characterized 
by its elongated sha])e and flat anterior surface, 'its nearly straight 
inferior border, which is ap])roxiniatcly parallel with the superior 
border of the inner wall, the lieigbt of the iriTicr wall at the Eusta- 
chian part of the aperture, the produced antcro-inferior angle, and 
the slight thickening of the involucrum t. 

In addition to this type of tympanic the Bod Crag contains nu- 
merous examples of the tympanies of oilier large AAliales, which in 
their convex inferior border, absence of a produced antero-inferior 

As the references to the noraenclaiurc will be given in the British Museum 
Catalogue, it will be unnecessary to quote thorn in this paper, 
t The reflected superior portion of the inner wall. 
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angle, and the comparative lowness of the Eustachian portion of the 
aperture agree with the existing Whales of the southern and tem- 
perate oceans (Zi?. hiscayensis and i?. australis). Very great variation 
in respect of certain details is found in this type of tympanic, the 
difference between extreme examples being so groat that if we had 
only a few specimens to deal with, it would be necessary to refer 
them to more than one species ; but in a large series it is found 
that these variations apparently pass impcrcei)tibly into one another, 
and all the forms are therefore provisionaliy referred to one species, 
which is B. primiycuia of Van lienoden. In the typical form of 
tympanic which ive may call variety A, the inner wall is very 
high, its superior border oblii|ue, the flattening of the anterior sur- 
face extending nearly or (|uite down to the border, the involucrum 
considerably thickened, and the inferior border somewhat angulatod. 
There is a very periect iinmataro tym[)anic of this specimen in the 
British Museum (I^o. 4(>GS(>), whicli was identifit'd several years 
ago by I'rof. Van Boneden, and there are others in the Alusoiim of 
Practical Geology, and in the Ipswich Museum, and one fine example 
in the ^Museum of the College of Surgeons (IS'o. 2S31). By the 
courtesy of Oolcliester, of Ipswich, T figure (woodcut, fig. 1) a 

Fig. 1. — Bahena priiing(Miia, Van Beunlcu., var. A, llie imperfect 
right tympanic ; from the Bed Crag, Half nat. size. 



s])ecimen of a right tympanic of this type, which has not been 
subjected to rolling. In this specimen (of which a cast has been 
taken by IMr. ColcliesteFs permission for the British Museum) the 
obliquity of the su])erior border of the inner wall is only moderate. 

In the form v hich may be called variety B, of which there is a 
very fine example in the Museum of Practical Geology (Ph H. figs* 
1, HO? the obli(|uity of the superior border of the inner wall is 
excessively developed, althoiigh most of the other characters are 

* See Van Benedcn, Ann. Mus. R. Hist. Nat. Belg. vol. iv. pt. 2, pi. xix. figs. 
1 -4 and 9-12. 
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similar to those of the type form. This very remarkable type of 
tympanic presents an approximation to the still more remarkable 
tympanic of the genus Neohalcena, the resemblance being so decided 
as to indicate the probability of there having been a genetic connec- 
tion between the two forms. The form which I note as variety C 
is represented by a tympanic in the liritish Museum (No. 40085), 
which, while agreeing in many respects with the type-form, is 
distinguished by its extreme lateral compression and the total 
absence of au)^ thickening of the involucrum. 

The last variety, which we may term D, is characterized by 
the lowness of the inner wall, the parallelism of its su})erior border 
to the long axis of the bone, the slight downward extent of the 
flattening of the anterior surface, and the absence of any distinct 
angulation of the inferior border. There is a fine example of this 
form in the British Museum (PI. II. figs. 2, 2a), and a smaller one 
in the Museum of Practical Geology. It is not always easy to dis- 
tinguish between some of the smaller t}'mpanics of this type and 
those of B, msignis ; but those of the latter arc usually more inflated, 
thicker iiifcriorly, and with a distinct angulation of the inferior 
border. Tympanies agreeing with those of B. {Balxmohii;) inHignia 
and B. {Bol(vmda)hal<mo2^>fi'i», Van Penedeii, occur in the Red Crag ; 
and the British Museum possesses an atlas vertebra (No. M. 3542) 
from the Coralline Crag referred by Professor Van Beneden to the 
latter species. Both these Whales are of small size, but 71. hulmi- 
opsis is the smaller of the two. Prof. Van Beneden mentions 
certain structural differences by which the tympanies of these two 
species can be distinguished ; but 1 confess that I was unable to 
satisfy myself of the validity of such distinctions from an exami- 
nation of the type specimens in the Brussels Museum : in naming 
the Crag specimens, I have been forced to content myself with 
referring the smaller ones to B. halcenopsis, and tlie larger to B. in- 
signis ; and it is difiicult:, in the case of some immature specimens, 
to say whether they may not belong to young individuals of the 
larger species. There is a very beautiful example of the right tym- 
panic of the former species, which wa obtained from the Bed Crag 
of Woodbridge, preserved in the Ipswich Museum. The tympanic 
of B, insignis frequently exhibits a flattening of the inferior surface 
which recalls the structure obtaining in the following section. 

In the Balacnopterine section, which is characterized by the absence 
of anchylosis of the cervical vertebra) and the more inflated and 
rounded tympanic, in which the Eustachian chann^cl is usually well 
defined, it may be observed that a very large nnmbor of genera and 
species have been founded by Prof. Van Beneden on the evidence 
of remains from the Antwerp Orag. Some of these forms have not 
yet been figured, and their names are therefore little bettor than 
MS. ones ; while in those which have been fully described it appears 
to me that some of the generic divisions are unnecessary, and I 
cannot help thinking that in certain instances some of the forms to 
which specific names have been applied are not imx)robably only 
individual or sexual variations ; but as it is impossible to prove this, 
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I cannot but adopt such species*. In regard, however, to the 
names applied to two of these species, it is necessary to replace 
those given by Prof. Yan Beneden by the earlier Owenian ones. 
It may be added that the great number of species in this section 
renders the specific determination of detached vertebrae in many 
instances a matter of great difficulty and uncertainty ; and it may 
also be mentioned that owing to the more fragile nature of the 
outer wall of the tympanic in the llorquals, fairly perfect specimens 
of these bones are much less common in the lied Crag than in the 
case of the liighi Whales. 

In the genus Merfaptera (in which the tympanic is more ii:^ated 
and its involucrum more pear-shaped than in Bedamoptera) we may, 
I think, certainly include the genus Btiriinopsis of Van Eeneden, 
which has been described as iiitei'mcdiato between Mepaptera and 
Bahvnoptera, although the tympanies figured hy Van Bencden f are 
un distinguishable in structure from those of Mepaptera hoops. To 
MipapUra ajffims, Van Benedeii, I provisionally refer an immature 
right tympanic (PI. 11. figs. 4, 4o) from the Coralline Crag, which 
is iweserved in the Museum of Practical Geology, and in its blunted 
aiitc^rior (extremity agrees very closely with the larger example 
figured by Yan Eenedon in the Ann. Mus. 11. Hist. Nat. Pelg. 
vol. vii. pt. 3, pi. xliii. figs. 1 , 2. 

A left periotic, from the lied Crag, in the British Museum (No. 
39020), from the narrow and elongated form of the i)ortion containing 
the semicircular canals, evidently belongs to the present genus (as 
distinct from Bidamojitera and Cetofherium) ; and as it is apparently 
adult, and much smaller than the corr(ns])onding bone of M, affinis 
figured by Yan Berioden in the Ann. Mfis. 11. Hist. Kat. Belg, 
vol. vii. x^t. 3, x>l* xlii. fig. 4, and is apparently too large for M, 
{Biirlmojisis) minuta, V"an Beneden, the probability is that it belongs 
to the somewhat larger M. (Bifriino 2 ^sis) sbnilis^ Yan Beneden. 
The small M. minuta is represented by a nearly perfect left tympanic 
(PI. II. figs. 5, 5 a) from the Coralline (hag, which is preserved in 
the Ipswich Museum, and agrees exactl}^ witli the tym])anic figured 
by Van Beneden, 02 ?. cit. pi. xcvii. figs. 9-11, under the name of 
Bvriino])sis. Except by its smaller size, the English s]) 0 cimen can 
scarcely be distinguished from the tympanic of the existing M. hoops. 

To the genus Btdumojytera belongs the so-called Bahnia definita^ 
Owen, of which there is a fairly xjcrfect tymj>anic in the Ipswich 
Museum (PL II. figs. 3, 3 a). This specimen agrees exactly with 
the imperfect tyx)e tympanic (of which a cast is x’»reserved in the 
Museum of the (lollego of Surgeons J) ; and as it differs from the 
corresponding bone of B. Qoropi., Yan Beneden, by its larger size, its 

* In many instances’ it does not ax>pear to mo by any means certoin tliat the 
vertobroD belong to the same species as the tymxiaiiics, and it is therefore advisable 
to regard the latter a.s the types of such species. 

t Ann. Mus. R. Hist. Nat, Belg. vol. vii. x*t. 3, pis. Ixxxix. & xcvii. The 
recent tympanic figured in pi. Ixxxix. figs. 15, IG, under the name ol' Baltencyptera 
anlarctica^ certainly belongs to Mepaptera horyps, and might liavc been drawn 
from a specimen in the British Museum (No. 2.76. IG. 18). 

f Nos. 2805 and 28G2 in the same collection belong to this species. 
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greater inflection, greater height of the inner wall, smaller depth of 
the Eustachian notch, sharper posterior angle, and more gibbous in- 
volucrum, there is little doubt of its specific distinctness, and every 
probability of its being identical with the so-called B, Sihhaldinayy 
Beneden, of which the tympanic has been hitherto unknown. This 
is confirmed by a very fine late cervical vertebra from the Bed Crag 
in the Ipswich Museum, which corresponds exactly with the type 
specimens of the latter form in the Brussels Museum. The rather 
smaller B. Goropi^ Van Beneden is represented by an imperfect 
tympanic from the Bed Crag, in the British Museum (No. 39016), 
and probably by some vertobroc in the same colhietion. Of the still 
smaller B. horealhm. Van Beneden, there is an imperfect tympanic 
(of which the British Museum has a cast) in the Ipswich Museum, 
from the Bed Crag, as well as two similar specimens in the British 
Museum (Nos. 3907-3). Tlie next form is that named by Owen 
Balmia emarginata (with which B. gihhosa, Owen, api)ear8 to be 
identical t), which is represented by several tympanies in the Museum 
of the College of Surgeons J, and by one in the British Museum 
(No. 39016 a) ; these specimens arc absolutely undistinguishable 
from the tympanies found in the Antwerp (h'ag, which Van Beneden 
has named Balfmoptera rosiratdla, a name which must give ])lace 
to the earlier one applied hy Owen, so that the species must be 
known as Bahmoptera eniarg inala, AVith regard lo the genus 
of Van Beneden, I think it advisahlo to adopt BrandCs 
view of including it in his genus Cctolherimn, with which Ihtero- 
cetm^. Van Beneden, may .also aj)parcntly he grouped. Tlie 
tympanic is readily distinguished from fhat of Bahrnopiera hy its 
anteriorly })oiiitcd form, the triangular sha])e of the roughened 
inferior surface, and the less flat tened involucruin. To C. Briahnonti 
(Van Beneden) I refer an im])erfect axis-vert ehra from the Bed 
Crag, in the British JMuscum (No. 46734); while the smaller C, 
duhium (Van Beiualen ) is represented h}’ two im])('ifect tyin])anics in 
the Museum of the College of Surgeons (Nos. Ii352, A and B)||, and 
probably by some ])eri()tics in the llritish Muscami (c. ry. No. 30]2()1). 
Some vertebne in the latter collection ''rohaldy belong cither to this 
species or to C, Bartini (Van JUneden) ; while others ^^hicll belong 
either to the latter or to C. J/v/jsc/d (Van Beneden) I have 
provisionally r('foiT< d to the last-named s])ecies. The still smaller 
C. hrevifrons (Van Beneden 1j) is represented by an axis-vertebra 
in the British, and another in the Ijiswich Museum, while it is not 

* Syn. B. museuloiiles, Vnu Beiicdon ; tlic reasons for adopting ilie former 
name will bo given in tlie Cat. Foss. Manim. JJrit.. Mus. pt. v. 

t The form of the involucrum on wJiich Owen distinguished this eoeond 
species alters with age. 

} Nos. 2822-2826. Some of the other specimens included under the same 
head are distinct. 

§ This is really not more than a MS. n<*mie. 

II These numbers do not appear in the published ‘ Catalogue/ but have been 
entered in MS. by Dr. Oarson in the Museum copy. 

^ Syn. Bcterocctus hrewfrona. The type spec’imcn.s are not figured, and I 
have identified the English examples by comparison with those in the Brussels 
Museum. 
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improbable that a small tympanic in the latter collection may also 
belong to this species. A tympanic from the Red Crag, in the Maseurn 
of Practical Geology (represented by a cast in the British Musenm), 
indicates the occurrence of Herpetocetm sccddieaslsy Van Beneden, in 
this country, and No. 2816 ^ in the Museum of the College of Sur- 
geons is a second example. The tympanic of this genus (which exhibits 
some affinity in the structure of the mandible with the Phijseteridve) 
is readily recognized by its egg-like shape, the small and sharply 
defined involucrum, and the filling-up of the anterior portion of the 
cavity by osseous matter. 

PhyseteridcB. — In the Physeteridm the periotic t (which, as in the 
other families of the OdontoCeti, is not anchyloscd to the tympanic) 
articulates anteriorly by a smooth facet (a, PL II. fig. 6) with the 
tympanic, and posteriorly is broad and has a distinct rntnlian longi- 
tudinal ridge (?>) on the same face for articulation with the free 
border of the latter bone. The genus Eucdiis, Du Bus, which 
appears to be allied in dental characters to Phy^eter^ is represented 

Fig. 2. — Eucetns amblyodon, Bd Biih. The left perlotie ; from the 
.Red Crmj. Two thirds nat. size. British ^ruscum (No. 
27S31). Letters as in Plato II. 

d 


i 


in nearly all Crag collections by many teeth, whicli belong to the 
type species E. ainhJyodon ; the cenifnit is of great tliickiiess, the 
dentinc-coro fusiform, and the osteodciitine nodular. I prorisionafiy 
refer to this species J a large left periotic in the British Museum 
(woodcut, tig. 2), which in the partial i)roduction of its posterior 
extremity more nearly resembles the periotic of Hyperoodou than 

* Entered in the Catalogue under the head of Balcena dcfmita. 
t While tlio tympanic is the most charaoteristic bone in the Balannida' . tin* 
periotic (which is more commonly preserved in the fossil condition) is tlie one 
affording the best generic characters in tlie Pkt/scieriihp and Dclphinidip. 

t On ac(;ount of its large size and the circuiiistaiicc that teeth of Eucctun are 
much coinaioiicr than those of Bidmnodrtm. 
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that of Physeter, and thus, if rightly referred, confirms the generic 
distinctness of the present form from the latter. The small Homo- 
cetus ViUersi, Du Ihis, is, I believe, represented by a tooth from the 
Ked Crag, in the British Museum (No. 49900), and not imx>robably 
by other teeth in the Ipswich Museum. 

I now come to the genus Balcomdon, Owen, which was founded 
upon an imperfect tooth, whose affinities have given rise to much 
discussion^. In describing the typo specimen, Owen regarded it as 
a segment of a complete tooth, and described the central axis as 
dentine, and the outer coat as cement ; but a comparison with teeth 
in the Brussels Museum, to which Du Bus apxdied the name of 
Smldicet'tfft Carreti, lias shown that the cement lias entirely dis- 
apx)eared, arid that the axis is really the ossified pulp-cavity, and 
the outer coat; the dentine. The English specimen is specifically 
identical with the Belgian oni^s, and the name Bahymodou must 
therefore supersede ScahHceius. The comjilete teeth of the genus 
have their crowns tipped with enamel. Of the allied but smaller 
genus Jdtysodon (iervais, there arc teeth in the British Museum 
from the Bed Ch*ag corresiionding to those of F. yrandis ( Du Bus), 
while one imjierfoct- tooth (No. 44109) may not improha'oly belong 
to P. ftisiformis (Du Bus). The genus Jloplocetus eomxirehends 
other Physetoroids with enamel-tipped teeth, which are characterized 
by the excessive thickness of their cement and the presence of a 
constriction at the base of the crown. Certain worn (and pro- 
bably derived) teeth from the Bed Crag in the British Museum and 
other collections ajipcar to indicate the occurrence of the Mioceno 
H. crassklem, (jcrvais, while others may be referred to the Dicstian 
H. horf/(dioutensis^ Gervais, and others, again (more doubtfully), to 
//. vurvidem of the same ex30ch. 

Ill the Zi])hiino subfamily JTyperoodon is represented by a, very 
jiorfect rigid iicrioiic from the lied Crag in the Ipswich Museum 
(PI. II. fig. fi). This specimen, which has the accessory ossicle (c) still 
attached, cannot ho distinguished from the corresponding hone of 
the existing yy. roslratns, and evidently indicates the existence either 
of that or of a closely allied foim in the Idioceiio ; the oc^curreiice of 
cervical vertebrGe of a member of this genus in the Antwerp Crag has 
been recorded by Prof. Yan Beneden The genus Cho'iiezrphius, 
which appears to be in some respects intermediate between Hyper- 
oodon and Mesoplodon^ and differs from the latter b}" the non- 
ossification of the supravomciinc cartilage, is represented by the 
tyx)ical C, 2 )l(inirostris (Cuv.). The fio-co]lvd Zipliiitis plcmvs, Owen, 
also belongs to the same genus, hut the type specimen of that species 
is not Bufiiciently perfect to determine whether OhonezipJdus Fac/i'ardi\ 
Lankester (which is of rather later date), is really entitled to specific 
distinction. I refer to this genus a left x>erioti" (PI. II. fig. 7) from 
the Bed Crag, preserved in the Museum of Practical Geology, which 

* Gervais identified Bal^enodon with Hoplocetus, while Yan jBcneden and 
Lankester thougiit It might be a Sqtcalodon. 

t Syn. Faltsodejmhis, Du Bus. 

X Bull. Ac. B. Belg. ser. 2, vol. x. p. 407 (1860). 
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is intermediate between the corresponding bone of IJyperoodon and 
that of Mesoplodon, and accords well in relative size with the 
present genus. This bone (in which the accessory ossicle (c) is absent) 
is nearer to that of Mesoplodon than to Ihfperoodon, but approaches 
the latter in the shortness of the posterior extremity, the large size 
of the cavity for the accessory ossicle, and the great development of 
the longitudinal ridge (5) on the tympanic aspect of this portion ; 
the anterior articular facet (a) for the tympanic is also loss concave 
than in Mesoplodon, The latter genus may he taken to include both 
Bclemnoziphius of Huxley and those Crag spccios placed by Owen in 
Ziphvf S which do not belong to CJionezijddus, 'With regard to species, 
the identity of Owen's Z. medilmeatus with Dtoplodon Beeani^ 
Gervais, of the Antwerp Crag, has been shown by the latter writer: 
and as my own observations in the Brussels Museum fully contirm 
the view expressed "by Du Bus as to the identity of the latter with 
Ziphiiis lomjiroatriSf Cuvier (the locality of the typo specimens of 
which is unknown), I think we can have no hesitation in adopting 
the name of Mesoplodoti lonffirostna for this species, which agrees 
in size with the existing il/. ausb'aUs. A left periotic (PI. II. fig. S) 
belonging either to this or one of the equal-sized species, is preserved 
in the lermyn-Strcet Museum, and is almost un distinguishable from 
the corresponding bone of M, australis \ the accessory ossicle on 
the posterior portion of the tympanic aspect is absent in the fossil. 
The charact(3ristic features of the ])eriotic of JMesoplodon are the 
production and pointed extremity of the j) 08 torior portion, the com- 
paratively small vertical height of the longitudinal articular ridge 
on the tympanic aspect of the same, the small size and oval shape 
of the*, accessory ossicle, and the dce]> transverse concavity of the 
anterior articular facet for th(3 tj^mpank*. The other described Crag 
si)ecies are M. tennirosfris (Owen), M. (jihhns (Owen), il7. auf/ustus 
(Owen), M. (uupdatns (Owen), and A/, compressus (Iluxle)' ) ; and 
to these may i)erliaps be added a form of which tluu’e is a rostr'um 
in the Ipswich Mnseiim to which the MS. name of AL Floweri has 
been applicid hy Mr. Canham f. 

^(jiadodontldiv. — The Crag /Squalodou, of which there are several 
molar teeth in the Ipswich Museum, may in all })rohahility, as Prof. 
Lankester suggests, he identified with the large anttvcrqiiensis, 
Van Benoden. 

Delp7mnda\ — The periotic of this family (PI. II. fig. II) is distin- 
guished hy the grooving of the anterior facet {a) for articulation 
with the tympanic, and the mirrowiioss of the posterior tympanic 
surface, on which the ridge for articulation with the free border of 
the tymjianic is ill-defined and sit.uated close to one edge. Tlie 
occurrence in the lied Crag of an Orm considerably smaller than 
the existing 0. gladiator is indicated hj^ a right periotic (PL II. fig. 9) 
in the Museum of Practical Geology, and by an unworn and very 
perfect tooth (PL 11. fig. 1 0) collected hy Dr. J. E. Taylor and jjreserved 

* BelemmHpJdus compressus, Huxley, appears identical with Zipkius oom- 
•presmts, Owen. 

t See Flower, Cat. Vert. Mus. R. Coll. Surg. pt. 2, p. 502 No. 2915 (1884). 
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in the Ipswich Mnsenm. The periotic agrees very closely in structure 
with a specimen of the corresponding bone of 0, gladiator in the 
Museum of the College of Surgeons, and accords in relative size with 
the tooth. As I am unable to distinguish the latter from the teeth of 
the small Orca citomensis. Capellini*', from the Pliocene of Italy, I am 
disposed to refer the English lorm to that species. The next form for 
consideration is that to which Prof.Lankestcr f applied the name Dd- 
j)hmvs uncidens (the generic term being used in the Linnean sense), 
with which D. orcoidas of the same author may be, united, since the 
larger teeth to which the latter name was applied are merely the 
hinder ones of the same species. Some confusion occurs in the 
description of the larger teeth, since they arc stated to agree in 
size with those of Pscndoi'ca and Orca whereas tliey^ j’eally corre- 
spond in this and other respects with those of Glohicqdialns^ to which 
genus they may be referred. The evidence for tliis reference does 
not, however, depend solely upon the teeth, since there is in the 
Britivsh Museum a very beautiful associated left periotic and tym- 
panic from the Coivjlline Crag (the former hone being represented in 
PI. II. fig. 11), which agree precisely in size with the corresponding 
bones of O, 7iidas, and only present slight sirnctural differences of 
specific value. Kolled perioties and tympanies of this type are of 
extremely common occurreiUH*. in the Ih d (h ag, an exain])le of the 
former being rejiresented in pi. viii. figs. 2, of Ihof. Lankoster s 
memoir. To render the foregoing ovidenee absolutely eonelusivc, the 
British Museum jiossesses a luujbar vertebra, (No. 2S27J) from the 
Red Crag which IkS midisiinguishahlc from the eorresjjondiiig Ixiue 
of G. ftielas. There ai'c sevtTal loss ])erfeet vertehim of the same 
type in the latter collection, while some unnamed vcrtchrm in the 
Brussels Museum appai’critl}^ indicate the occurrence of the same 
species in the Antwerp Crag. The last form I have to notice is one 
indicated hy numerous ])erioties and t3'in])auics in tlio Britisli Museum, 
and other collections, which indicate a Dolpliiii agreeing in size wdth 
the exl8ib\s;Lagcii07difpich'tif{ arufas ; I have not, however, been able 
to determine the genus of this type, which may include more than 
one species, and may he identical with one or ])oth of two Belgian 
species to which Prof. A^an IJeneden hn>" applied the name of DeU 
2)7mius Wadi and J). Dehmiwgi (the generic term being used in a 
wide sense). The s])coimensin the Brussels Miisonm do not, however, 
include any examples of the periotic, so that I could not institute 
any comparison between the Belgian and the Pmglisli specimens. 

I may conclude this paper with a list of the well- authenticated § 
species of Cetacea occurring in the Red and Coralline Crag, those 
species of which the identification is doubtful being indicated by a 
query. 

^ Mem. Ac. Sci. Ist. Bologna, ser. 4, vol. iv. p. (>70 (188.‘1). 
t Ann. &Mag. Nat. Hist. ser. .‘1, vol. xiv. p. .356 (18()4). 
t Mentioned as species of Delpkmns in Prof. Laukesler’s memoir. 

§ I omit a few forms which have been erroneously recorded from the Crag 
or of which the description is too vague to admit of identification. 
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Bal^idjes. 

Balcena affinis^ Owen. 

primigenia^ Yan Beneden. 

itisignis (Van Benoden). 

bakvnopsis (Van Beneden). 

MegajUera affinis. Van Beneden. 

? similis (Van Beneden). 

minuta (Van Beneden). 

Balamoptera defiaita (Owen). 

Goropif Van Beneden. 

hot\uUna, Van Beneden. 

emarginata (Owen). 

Cctotherhuii Briahnouti (Van Beneden). 

dahiam (Van Beneden). 

? Httpschi (Van Beneden). 

brevifrom (Van Beneden). 

Ilerpeiocet'iis scaldiensls. Van Beneden. 

PnrSETEKIDiE. 

Biicetas amblgodon, Dii Bus. 

Homocotas ViUersi, JDu Bus. 

Bahtmodon phifsaloidea, Owen. 

Physodon grawl'is (Bu Jkis). 

? fusiformis (Du Bus). 

Hoplocet'us crassldeiis, Oervais. 

hurgehoiitemls^ Gervais. 

? caruidenH, Gervais. 

Hyperoodon^ sp. 

Choaezipkius planiroalriH (Cuvier). 

pl(tnus (Owen). 

Pucliardi, Tiankester. 

Mesoplodou longiroslrls (Cuvier). 

tennlrostris (Owen). 

gtfdrus (Owen). 

angustas (Owen). 

angulatas (Owen). 

compressitu (Huxley). 

Floweri^ Canham, M8. 


SaUALOnONTII)^. 

Squalodott antwerpiensw^ Van Beneden. 

Delphinidje. 

Greet citonleiisisy Capellini. 

Globwepludus uncideits (Larikester). 
Delphinoid, gen. non det. 

0. J. G. S. 1^0. 169, 


o 



18 MR. R. LYREKKBIK ON THE CETACEA OF THE SUFFOLK CRAG. 


EXPLANATION OF PLATE II. 

Figs. 1, la. Balcena frimigenia. Van Bencden, var. B. The imperfect right 

tympanic ; from tlie Red Crag. Museum of Practical Geology. 

2, 2a. Balmna jjTimigenia, Van Bencden, var. D. Tlie imperfect right 

tympanic; from the Red Crag. British Museura (No. 4;3399). 

3, BalcB7iopt.(iradefinita{OwGn). The imperfect left tympanic ; from 

the Red Crag. I})swicli Museum. 

4, 4a. Megaptera affinls {Vaii Bencden). The imperfect immature right 

tympanic ; from the Coralline Crag. Museum oi’ Practical Geology. 

5, 5a. Me.gaptera ininufa (Van Beiieclcn). The imperfect left tympanic ; 

from the Coralline Crag. Ipswich Museum. 

6. Hyperoodon^ sp. The right periotic; from the Red Crag. Ipswich 

Museum. 

7. C1iont‘z:iphiui< pUmirosfria {Cnv .). 'J’hc left periotic ; from the Red Crag. 

Museum <4’ Prac-t-ical Geology. 

8. Meso])lodun {Y longirostria [Cuv. j). I'lie left periotic; from the Red 

Crag. Museum of Prjmtical Geology. 

9. Orca citoniensis. Capellini. The right periotic ; from the Red Crag. 

Museum of l^ractical Geology. 

10. Ditto. Atootli ; from tlie Red Crag. Ipswich Museum. 

J 1. GlohicP 2 '>haliis uncidens (Lank.). The left, periotic ; from the Coralline 

Crag. British Museum (No. iitUioT). 

Figs. 1, 2, 3, one half, figs. 4, 5, tw'o thirds, figs. G, 7, 8, 9, U), 11, nat. size. 
AH the tympanies are view ed from the inner andinlerior, and the periotics from 
the tympanic UHj»ect. a, anterior a.rti(;ular facet ibr tympanic; posterior 
articular ridge fur tym])anie ; r, accessory ossicle, or hollow for the same ; 
dt e, J mark the homology of the ridges and hollows in the difierent bones; 
a, the capsule containing the semicircular canals. 

Discussion. 

Mr. Newton regretted tlie absc^iicc of Prof. Flower. He had 
tried to determine some of tlio sjtecimens himself, and recognized 
how very difficult a task it was. Ho complimented Mr. Lydokker 
on his work. V ith regard to the fossil Physeteroid teeth, he was 
under the impression that there was more cement in them than in 
recent teeth. 

Mr. Lyuekkek, in reply, said his remark as to the absence of 
cement only referred* to the type specimen of Baloenodon. 







mb. E. LrOEKKEE OK A JAW OF HrOTHBRIUM, 


19 


3. Des<yription of a Jaw of Hyotiieritjm:, from the Pliocekk of 
India. By E. Lydekker, Esq., B.A., F.G.S., &c. (Head No- 
vember 3, 1886.) 

I AM apjain indebted to Col. J. W. Watson, the Political Eesident 
in Kattiawar, for an intorestinp; addition to our knowled;^e of the . 
Siwalik fauna of Perirn Island, on the western coast of India. The 
specimen in question (which Coh Watson has presented to the British 
Museum) is a i)oition of the lel't maxilla, with the three true molars, 
of a species of H \fo\herUmi, which is apparentlj" distinct from any 
named form. Tlio fragment, of which an oral view is given in the 
accompanying woodcut, has been slightly water-worn, but not to 
such an extent as to damage it materially; the first molar has the 
dentine of the summits of the cohimus exposed by attrition, while 
the third molar is scarce!}' aiiceted by such action. The teeth carry 

llyothc'riiim ])erimensc. Pari <f Ihe hft nut.rllhi ; from the 
Surali/ra of Perim J.slamL (Nat. size.) ( Ilritish NIuscum. 
No. M. 35()1.) 
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the usual four main columns, with accessory coliimiiH on the inner 
side of the median longitudinal cleft, and have a well-marked and 
crcnulatcid cingulum on the inner and fore-and-aft surfaces. The 
crowns of the first and second molars are s(|uarod and rather broader 
than long, while that of the third tooth has its ])ostcro-internal 
angle produeed and its outer border sloping towards the median lino. 

The specimen may without doubt ho referred to the genus 
llyotlieriHin^ in the sense in which (following the lead of the late 
Prof. Peters) I have emjiloyed that term in the ‘ Catalogue of the 
Fossil Mammalia in the British Museum and we may accordingly 
proceed to compare it with the named European t and Asiatic 

* Part ii. pp. (ISSf)). 

t A partial synonymy of tlie more important European spetdes is given in 
the werk cited. It luis been subseqi.cntly stated by Dr. Max Schlosser that 
Choeropotamus stemheimmsis, Fraas, is the same us II. S(£7rtmeri'ngL 

c 2 
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species of that genus, since its distinctness from the American 
forms may be taken for granted. Before, however, making this 
comparison, it is necessary to observe that I have already described 
and figured* * * § a fragment of the mandible of a Hyotherium from 
Perim Island f containing the second true molar, which, from the 
great relative width of the tooth, 1 considered might probably 
indicate a new species. Hinco the tooth of that specimen agrees 
precisely in relative size with the corresponding molar of the jaw 
under consideration, it may be safely regarded as belonging to the 
same species. 

With regard to the Euro]>ojiii species the ])rescnt form is distin- 
guished from H. typum J (ranging from the Queicy phosphorites to 
the Middle Miocenes of Gcorgensiniind) not only by its superior size 
but by the i)roduction of the postero-internal angle of the third 
upper true molar. Confining these comparisons to the larger species 
like H, Waterltousei and FI, Sa^nimeruiyi, it will bo found that the 
present form agrees with the first-named species § in size, but is 
distinguished by the relatively wider teeth, the presence of four 
distinct columns on m, Jl, the greater development of the accessory 
columns, and the absence of an inner cingulum to the upper true 
molars. With regard to JI, Siern'merinyi jj the upper molars of our 
specimen are rather smaller than the teeth of that species figured 
by Peters in the ‘ Denkschr. k. Ak. Wiss. Wien,’ vol. xxix. pi. i. fig. 1 , 
but are otherwise very similar, m. 3 of the Pcriiri jaw" agreeing 
very closely with tlxe specimen represented in fig. 3 of the same 
plate. The upper teeth aixpoar, however, rather wider than those 
of 11. Bcemaerinyi, and the lower molar is decidedly wider. This 
difiereiice, coupled with the improbability of a species which dic^d 
out in Europe after the Middle Miocene being identical with an 
Indian Pliocene form, renders it prol>ahlo that the present form 
is distinct from IT. Bmumenihji, although it is certainly allied. 

The only species from India to Avhich a distinct name has heeu 
assigned is //. 1[, which occurs in the Lower Siwaliks of 

JSind. The typical specimens of that .sjjocies indicate an animal 
equal in size to the largest race of IL and apparently 

so closely allied that it is very dithcult to find any distinctive 
characters from the clieek-teeth on which the species is founded. 
With these typical specimens arc found otlier teeth in regard to 
w^hich it is uncertain whether they belong to sin all individuals of 
the same or to a distinct species ; the associated lower teeth (which 
may belong to both the larger and smaller forms) aro of a much 
narrower type thau the lower molar from Perim. The t5^pc 

* ‘ PalfiBontologia ludica ’ (Mem. Geol. Surv. Ind.), ser. 10, vol. hi. p. 07, 
pi. xii. fig. b. 

t The speciinon was reported to bo from Perim Island, and its mineral con - 
dition indicates that tliis is certainly correct. 

f Syn. //. Mchmeri. 

§ See Filhol. ‘Ann. Sci. Geol.’ vol. xi. art. 1, pi. vi. (1880). 

|j Syn. ValcBochobrus majftr, Pomel. 

‘ Paleeoutologia Indica,’ op, cU, pp. 05-97, pi. xii. 
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maxilla of the Sind species Pal. Ind/ op, ciU pi. xii. fig. 6), which 
contains the last two molars in a much worn condition, belongs to a 
considerably larger animal than the Perim maxilla, the length of 
the two teeth of the former being 1*45 against 1*29 in the latter ; 
the talon of m, 3 in the former is also broader and the external 
cingulum less developed. The smaller Sind upper teeth agree in 
size with those of the Perim jaw. 

If, then, we agree to confine the name H, sindiense to the larger 
Sind form, it would appear that the difference in size would be 
a spc^cific character in the case of the Perim form ; while if, on the 
other hand, we extend the name II, sindiense to all the Sind speci- 
mens, the breadth of the lower teeth would likewise point to the 
specific distinctness of the former. 

Provisionally, therefore, regarding the Perim specimens as distinct 
from IT, sindiense, the form to which they belong inay be named 
H, perimense. This species may be defined as equal in size to 
H, Waterlioxisei, but distinguished by its wider molars, in which 
respect it approaches IT, ISoemmeringi and IJ. sindiense, although 
differing from the former by the greater width of the lower molars, 
and from the lattcir either bj' its inferior size, or by its wider lower 
molars, or by both these two characters. 

Apart, however, from the minor question of specific distinctness, 
the occurrence of Hyotherium in the Siwaliks of Perim Island in 
association with highl}' specialized ruminants like Bramatherium, 
Gixnffa, and AnUdopcs of modern African types is of very considerable 
interest, and is one more instance of that remarkable survival in the 
East of generic forms long after they had passed away from Europe — 
a circumstance which was, I believe, first brought to notice by 
Dr. Ifianford. In Ihirope the genus first appeared in the Quercy 
phosphorites, was exceedingly abundant in the freshwater beds of 
St. Gerand-lc-Pnj^, and a])parcntly disappeared after the Middle 
Miocene of Sansan and Stcinheim. 

In India it wms apparently abundant in the Lower Siwaliks of 
Sind, wdiich are certainly not older than the topmost Miocene, and 
persisted into tlie Pliocene of Perim, where, however, it appears to 
have been very rare. The Siwaliks of Perim appear to he probably 
intermiidiate in age between the Low"(;r Siwaliks of Sind and the 
typical Up])er Siwaliks of the Eastern Himalaya, since while they 
contain several older forms like JHnolhermm and Mastodon pandi- 
onis common to the former, they also contain newer types not 
found in those beds. In the Perim beds Hyotherium and Bus are 
found associated, although the latter is very common and the former 
very rar(?, this association being parallelled by the occurrence of 
Tlippanon and Eqtms in the Eastern Siw^aliks. 

1 will conclude this paper with a few remarks on the affinities of 
Hyotherium . Tn 1 be first place, the strongly- marked hrachyodontism 
of the genus, the sim])le structure of the molars, and the circumstance 
that the last true molar comes into use at a period when the first 
tooth of the same series is but slightly worn, at once shows the 
extremely generalized nature of the genus. In structure the true 
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molars are intermediate between those of Choaropotnmus and Sm — 
those species in which the molars are widest and there is no talon 
to ni. 3 (//. typum) being nearest to the former, wliile those in 
which the width of the molars is less and the talon of ni. S well 
developed (//. WaterJtouftd) come closer to the latter. In certain 
examples referred by Dr. Pilhol (op. cit.) to .//. typum there is only 
one external column to pm. 4^ which thus shows a retention of a 
characteristic of Chocropofamus. The latter writer has thought that 
Hyotherium should m^t be regarded as the direct ancestor either of 
Sus or Dicotylcii ; but from the character of its dentitio]i, its wide dis- 
tribution, its g(;ological horizon, and the absence of any other known 
form which could occupy such a position, I have long had great 
doubt as to the correctness of ibis conclusion, and have expressed 
myself to the eifect that the genus must hav(^ been at least closely 
allied to such ancestral form ; arid I am now ploas(‘d to observe that 
Dr. Max Schlossor of Mtinich, is of opinion that Jlyothermm really 
occupies a middle position hetwcen the modern Sm and Dlvotyles. and 
the Upper Eocene (Oligocene) ClimropotamidiC, in the sense in which 
the latter term is em])loyed by Prof. Flower and myself t. Starting 
from that family, a line of evolution may be tractal in one direction 
from the ty])e genus to AnDintcolherlnmy JTyopotaymts^ and tho 
tetraenspid Selenodonts, while another line may Ixi traced throngb 
CehocJicerus to Ilyothf'nnm^ J/ippoJiifus^ DIcoty !<’■<(, and PIkic.o- 

c7iatri(,s. iJicotyUi^ has attained an excessive specialization in respect 
of tho upper promolars (whidj are as comph^x as the true molars), 
while in Si.(s the specialization lias been more confined to the true 
molars ; and it is noteworthy that in tho special lzatio7j of tho cheek- 
dentition of tho higher species of the latter geains, whihi the promolars 
and first and second true molars only gain a modonitn increase in 
height and complexity, the last true molar becomes enormously 
developed ])osterior]y, and docs not come into use until tbefii'st true 
molar is almost worn away. This line of specialization culminates 
in PhacocJian(S^ whore all the anterior cbeck-tcH'th may disa])])ea.r in 
the adult, and to a certain extent is analogous to the ])ecnliar 
dental development characteristic of tin* Proboscidea. Those species 
of Sits which present the greatest specialization in this rcs])cct 
occur in the later Tertiaries of India and North Africa, the common 
living species (S. cristains) of the former coiintr}^ l)oing probably a 
descendant of the group which has lost the extreme dental develop- 
ment characteristic of the Pliocene s])eeies (S. Falconeri) As 
examples of species retaining a primitive type of dentition, may be 
mentioned Son aud(imanensl.s' of the Andamans, Svs harhatns of 
Borneo, and the lliver-hogs (Potamooliarus) of Africa. At least in 
the case of the first- mentioned si)ocics the retention of a generalized 
character may ho attributed to tho absence of competition. 

*■ Morphol. Jahrbuch, vol. xii. pp. 80-02 (1880). 

t Dr. Max Sehlosser prefers to plane Cehochoprm in the SuidsR, and to merge 
Chceropotamua in the Antbracotheriida*. 

X For the relations of these specie.s see ‘ Palajontologioa Indica,’ ser. 10, 
vol. iv. pt. 2 (1886). 
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Discussion. 

Dr. Blanfoeu described the Island of Perim and the mode of 
occurrence of the fossils, and showed that the ago of the beds was 
but roughly indicated by their relations to those on the mainland, 
and was better determined, as had been done by Mr. Lydekker, by 
the affinities of the fossils with those in the Sind beds, the age of 
which was accurately demonstrated by marine fossils. 
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4. On a NEW Genus o/Madreporaria (Glyphastrjsa), with Remarks 
on the Morphology of GLYPHASTRiEA Forbesi, Ed, ^ H.,from the 
Tbrtiaeies of Maryland, U. S. By Prof. P. Martin Duncan, 
M.B., F.R.S., F.G.S., &e. (Read December 1, 1880.) 

[Plate III.] 

Many years since, the late Dr. S. P. Woodward drew my attention 
to some very fine specimens of Septastreea Forbesi, Ed. & H., in the 
British Museum, and lately a well-preserved specimen has been 
sent to me from the Philosophical Institution at Scarborough. 
There has always been a doubt in my mind regarding the classifi- 
catorj’^ position of this large branching Tertiary species, and the 
examination of the specimen lately sent confirms the impression 
that the species differs so much from the Mesozoic Septastrmv that 
it cannot remain in the same genus, althougli it must still be placed 
in the Goniastra3oid alliance. 

The species mentioned in the ‘Histoire Naturelle des Ooral- 
liaires ’ by Milne-Edwards and Jules Haime, described by M. do 
Fromentel in his ‘ Introduction a 1 etude des Po]yi)iers,’ and pub- 
lished by myself in the Monograph of the British Fossil Corals 
(Tal. Sac, Lend,), with one exception, have the axial space nearly 
or quite open, and the columella is either absent or very rudimentary. 
But the species named after the late E. Forbes I find, has the 
axial space completely closed, either by united septal ends with 
some additional tissue, or by a columella, wliich, by uniting with a 
number of septal ends and being increased in bulk by a remarkable 
dissepimental tissue, forms a very projecting central mass in perfect 
and full-grown calices. 

The genus Beptastrem originated with d'Orbigny in 1849, and 
the diagnosis he gave was partly reproduced by Milne-Edwards 
and Jules Haime in 1857 1. The species described in the first 
instance were from the Eocene and Miocene of France and the 
supposed Miocene of Maryland. A ct.iimella is not noticed in the 
descriptions of any of these typos, and it is said, in the generic 
diagnosis, to be so definitely absent that the want clearly distin- 
guishes Eeptastra^a from Qoniastreen, Ed. & H. 

The following was the diagnosis published by Milne-Edwards 
and Jules Haime from d’Orbigny: — “The corallum is either in the 
shape of a convex mass or is subdendroid. The calices are poly- 
gonal, and their margins are united to those of the neighbouring 
calices and ordinarily show an extremely delicate line of separation. 
The septa are large and appear to be formed of perfect laminfe, 
and the endothecal dissepiments are well developed. Columella 
and pali wanting. Multiplication by fissiparity.’’ 

* M.-Ed. & J. H. Ann. des Sci. Nat. S*- ser. t. xii. p. ir)4 (1850), and Hist. 
Nat. des Oorall. vol. ii. p. 450. The fossils described were said to be in the collec- 
tion of the Geological Survey of England and in the Bonn Museum, 
t Hist. Nat. des Oorall. vol. ii. p. 449. 
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Tho genus was placed by M.-Edwards and *1. Haime in the family 
Astneidte, and in a group in which growth took place by moans of 
fissiparity. 

The Mesozoic species described by M. do Fromentel and by myself 
enter the genus thus diagnosed, and the only important modification 
which 1 made in revising the genus was to introduce tho necessary 
statement that increase took jfiacc by gemmation as well as by 
fissiparous division of the corallites*. But tho genus was included 
by me in an alliance, the Goniastraeoid, of several genera, which is 
characterized by the forms having the corallites united by their 
walls more or less completely, and without coenenchyma serial 
growth not occurring. 

A very perfect siliceous specimen of the Maryland species gave the 
following characters : — 

The specimen is generally perfect in its details and once formed a 
portion of a very large branching colony and was undoubtedly a reef- 
builder. The fracture across the stem resembles those which occur 
in large specimens of the genus Madrepora at the present day 
during violent storms. The outside of the coral is covered with 
calices in a very perfect condition, and the delicate granular orna- 
mentation of the septa and of the top of a dome of ondotheca which 
fills up the axis and calicular fossa is still to be seen. An excellent 
natural section of tho corallites in the axis of the stem has been tho 
result of fracture. The section shows that the axial or parent 
corallites have undergone some diminution in the bulk of their walls 
and septa, and probably this happened during life, for corresponding 
absorption is seen in many recent forms. On comparing the super- 
ficial calicos with tho sections of their parent axial corallites, very 
considerable differences will bo noticed, and it is evident, after 
careful examination of this specimen, that had the section alone been 
present, the description of the details j)rcsentod by it would not 
have enabled any palaeontologist to give an accurate diagnosis of tho 
species. On the other hand, were the structures seen on examining 
the superficial cali(;cs to be entirely relied on, mistakes regarding 
tho nature of the endothecal structures and of the dimensions of the 
columella might have been recorded. 

Tho lower endothecal dissepiments arc rather stout and horizontal, 
and are well seen in tho axial corallites ; and tho upper, which are 
numerous and close near the calices, form perfect obli(|ue or domed 
floors between the septa, so as to shut out the interseptal loculi 
beneath them from the surface. These uppermost dissepiments come 
up to about the same level at the bottom of the calice, and reach 
up to within a fractional part of a millimetre from the free edges 
of the septa and columella (PL III. fig. 7). Hence tho septa seem 
to rest upon the upper combined dissepiments and to resemble fine 
linear growths ; two long ones are often, but not invariably, con- 
tinuous with the columella and roach across the calice, apparently, 
but not truly, as one long septum. The study of tho section of a 

* “ Revision of the Families and Genera of Madreporaria,” Jouru. Linn. Soc., 
Zool. Tol. xviii. 1884, p. 103. 
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stem explains these appearances, and it is seen that the septa are 
really high near the axis, and narrow, and that although some 
unite with others at the axial space of a corallitc, there are 
generally traces, and usually very definite proofs, of the presence of 
a trabecular and non-essential columella, it often being reduced to 
a mere lamina which is in the path of two opposed large primaries. 
The structures at the bottom of the calices resemble a solid mass, 
and might be taken to be vor}^ large columella3 not very unlike those 
seen in some rugose corals such as CliswpliyUiim and Lomdalia ; but 
the true conception of the structures may be obtained by studying 
the section of the stem and some of the newer calices at the tops 
of the rnmuseulos of the upper pari of the colony. The theca 
or wall of one corallite is in contact with tliose of iis neighbours ; 
hut fusion only occurred here and there, and, indeed, in one place 
there arc traces of very slightly projecting costa? to be seen running 
down the outer part of the walls. The union is so decided that 
the corallitos an*, and always were, inseparable, and the position of 
function is traced by broken lines in the natural transverse section 
of the axial corallites and by the geometrical grooves at the surface 
of the colony. 

Gemmation is seen on the united walls of corallites, and the buds 
have six septa : it is also observed, in the natural transverse section 
produced by the fracture of the st em (fig. 2, </), on the surface of the 
colony amongst the largest calices and also amongst the more rapidly 
grown calices at the extremity of the stunted branches. Pissiparity 
is exceptional, but occurs. 

The crossing of the calices, so generally but not universally, by 
what appears to be a long thin septum, 'which consists of two 
opposite primaries united at the axis, with or without a columella, 
is very striking in appearance, and it is difiicult to understand how 
it or the filling-up of the axial spaces could have escaped the 
notice of !Milne-Ed wards and Jnlcs Haime ; for the structures are 
perfcctl}' evident in their tvi)o, which is now in the Jlritish Museum. 
The granulation of the edges of tin' septa and columella and even 
of the top of the dissepiments is most distinct and is as characteristic 
as the linear grooves which separate, in such a geomotrical m.anner, 
adjacent calices. 

The colonies of this species attained a' considerable size, and their 
shape was very variable. The type of Milne-Kdwards and Jules 
Haime, now in the national collcetioii in the British Museum, is as 
largo as a man’s liand and 'wrist, has a more or less cylindrical 
lower stem, which enlarges up-w^ards, and is, as it were, compressed, 
the surface being irregularly swollen in places and smooth else- 
where. There are terminal, subramose, binnt-ended branchlets, and 
gibbosities resembling nascent branches. In another colony the 
shape is ncaily cylindrical, and there are ill-defined gibbous swellings 
on it ; the size is less than that of the other. A third specimen in 
the British Museum is a part of a very largo colony which has lost 
its branchlets and much of its main mass. The shape is like that of 
a thick slice of bread, tall, narrow, and wide. Two of the surfaces 
are large and broad and nearly flat, and a third or edge-surface 
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is long and narrow, and marked by the roots of several branchlets 
which have been fractured from the main mass, their axial corallites 
being seen in transverse section. The height is 140 millim. ; the 
breadth is rather greater than the height ; and the thickness is from 
34 to 52 millim. 

Tn Milne-Ed wards and Jules Haime/s rendering of d’Orbigny's 
generic definition Septastnua the words ‘^multiplication by ifissi- 
parity ? ” occur. The note of interrogation is not repeated in their 
own description of the genus in the ‘ Ilistoire JShilurello des 
Coralliaires.’ Fissi])arity occurs evidently enough in the Mesozoic 
species without a columella and with an open axial space. Lt is a 
fact, however, that tluTO is not a single instance of progressing 
fission in any calico of the type described by the French authors, 
which is in the IJritish Museum. There are no calicos with a figure- 
of-eight sliape, and in none are there small and new septa starting 
from tlio sides of the long septum-liko structure which crosses the 
perfect and full-grown calices. It is (piite a mistake to state that 
this striking feature has to do with fissiparitv. In the s])ecimen 
belonging to the Scaihorough Philosophical Society's ^tiiseura there 
is some crowding (4' the calices at t he base of one of the branchlets, 
and the intc'rc^orallite walls there are tliin ; there is no superiicial 
groove, and the ap[)(ia ranee of the septa, resembh^s that of some 
recent tyi)OS which arc^ und(‘rgoiiig fissii)arity and in which the 
division is accom])a,ni(‘d by very rajud growth (14. HI. fig. 3). 
Hut it is nevei’theh^ss tru(‘ that tbese appearances may he the result 
of irregular corallitc-growth under the iuilucnce of pressure from 
crowding. 

The instances of fissipnrity are exceptional ; but the process 
existtal, for there is a fair examj)le in the fractured surface of the 
stem of the specimon first examined (fig. 2), but not in Milne- 
Edwards's ty])e : and there, is a very reinarkahlo and suggestive in- 
stance in the smallest of the specimens in the Jiritish Museum (figs. 4 
and 4'). A section was cut/ at a slight dept h, parallel with the surfiico, 
so tliat sections of corallites were made at a little distance from the 
caliches {ibovo. It was evident, on counting the calicos and the 
sectioned corallites, that the former were mure numerous than the 
others, and the reason was because one of the sectioned corallites 
was divided by fission (fig. 4). The commencement of the procc.ss 
can he traced, and a nipping-iii is to be seen with eonsidcrable con- 
fusion of the septa. The long lamina crosses the eorallitc at right 
angles to the commencing fission, and that is not what would have 
been seen had it been a factor in the 'process. On exaTnining the 
free surface, of the colony corresponding to the sectioned corallite, 
two calices are noted which have an incomplete wall between them ; 
moreover a so]>tum will ho observed ])a8sing from one calico to the 
other (fig. 4'). These calicos are se])arate(l from their neighbours 
by Avell- developed walls. It appears that the growth of the 
dividing corallite was rapid. 

The number of the calicos with the long lamina (that is to say, 
perfect calices) varies in different parts of the colony ; and if square 
patches are separated and the number of calices of all kinds on them 
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be counted, it will be found that in some with 55 calices 35 have 
the long lamina and 10 have an indistinct septal arrangement, while 
the rest have no long structure crossing the calicular fossa. In a 
patch with 75 calicos of many shapes and sizes there are 55 with 
the elongate structure. The orientation of the lamina differs even 
in neighbouring calices. 

The septa are bilamellar, and the evidence of a very irregular and 
narrow interlamellar space is apparent, sometimes superficially, and 
invariably in microscopic sections of corallitcs near the calices. 

k perfect, full-groAvn calico has the two opposite primary septa 
united at the axis by means of a narrow discontinuous columella, 
which is ornamented in the same manner as the so])ta, but which, in 
some instances, has a raised edge (figs. 3, 6*, 9, and 10), or they 
may unite by tlieir inner ends and close partly the axial space with or 
without the assistance of thickening or of any extra growth (figs. 12, 
13, and 14], In buds the columella may be distinct, and there are 
the usual six primaries (fig. 2, d). In large immature calices the 
six primary septa may converge and unite with a small columella or, 
what appears to be the more common case, they do not unite. The 
ends elongate or twist (fig. 10) and, with the dissepi mental tissue, 
close the axial space. It is this closure, either by a columella 
which sections prove to bo occasionally discontinuous and always 
non-css(}ntial in its method of growth, or by united septal ends, 
or by twisting and elongation of the septal ends, assisted by the 
tahula-like upper dissopimental structures, that forms the main 
distinction between the new genus and Scptfcsfrcea. 

The endothcca is variable in amount, and whilst it is close and 
thin in some corallites, or parts of corallites, it is distant and stout 
in others. In some cases the horizontal stout platforms are faii'ly 
regular ; but, as a rule, although the dissepiments completely close 
the iiiterseptal loculi and act as tabuin';, they lack the regularity of 
those endothecal structures. Thin dissepiments often close the 
whole of the intersoptal loculi at indefinitely placed intervals in the 
height of the corallitcs, and as com]>letely as any tabulfc (fig. ()). The 
uppermost dissepiments are those which close iii the calicular fossa 
and reach up close to the free edge t)f the septa. There are no deep 
intcrseptal spaces in the form, and the dissepiments moreover come 
close to the top of the axis, and, hy joining witli the septal ends and 
the intermediate structure (when it exists), help to close the axial 
space and to form a columella. The uj)])er surface of the dissepi- 
ments at the bottom of the calices is ornamented with sj^arsely 
placed granules, and this very exceptional ornamentation is not seen 
on the lower dissepiments, having been absorbed during growth. 
The dissepiments are often very close near to the calices, and the 
visi])le one at the bottom of the fossa is close above several others, 
which seem to have followed the same lines of curvature. It is this 
festooning of the dissepiments which, when seen in a vertical section 
of the colony, adds to the old-fashioned a]>pearanco of the more 
or less tumid mass at the base of the calicular fossa (figs. 7 and 8). 
Probably it was the very tabulate appearance of the endotheca of 
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' the fossil which Lonsdale examined that induced him to name it 
Coluni'tiariaf and the intercalicular groove doubtless intensified the 
importance of the internal arrangement in his mind. Septastrma 
has no such dissepimental structures. 

The necessity of introducing a new genus is obvious, for the presence 
of the structures closing the axial space, and the characters of the 
dissepiments near and at the bottom of the calice, are of great phy- 
siological importance. In Septastrcea proper the mesenteries would 
have had abundance of supi)ort on the sides of the septa, and the 
visceral cavity would have been prolonged into the axial space ; but 
in the form under consideration there is barely any room for inter- 
soi)tal structures, and the nodule in the axial space would limit the 
downward oxteusioii of the visceral cavity. It is very interesting to 
notice a columellar structure in this Tertiary rt^ef-builder which is 
somewhat similar to the axial arrangement in LotisdaUa and OUsio- 
pJijjlluni. But the laminate columellie of those Balaiozoic forms are 
essential and largely developed, and those of the new form are 
comparatively insignificant ; but there is the same crowding of 
dissepiments close to the axial space and the same ajjpareiit extension 
of a long primary septum. 

The following is the diagnosis of th(‘ now genus - 


Section MADltElMJllAillA APUEOSA. 

Family A ST 11 .Ell) ; alliance Gonlastrceoida. 

Genus GLyrnASTBiEA, gen, nov. 

Colony large, subramose; corallites prismatic, more or less 
perfectly united by their walls and having a discontinuous line of 
separation between them ; calices polygonal and shallow, having 
polygonal linear grooves between them, and the axial space closed ; 
septa une(]iial, minutely serralo or granulate at the free edge, some 
narrow within and long ; columella small, parietal, lamtdlar, or 
ribbon-shaped, uniting opposite primaries, or several septa sometimes 
absent, and then ])riinary septa unite at the axial spfice ; cndotheca 
well develo]>ed, often simulating tabular; disse])iments near tlie 
calice extending upwards close to the free edges of the septa and 
columella, closing the iuterscptal loculi and forming witli the septa 
and columella a doiue-shai)ed mass which projects and fills uj) the 
bottom of the calicular fossa ; x)ali absent ; increased by gemmation 
from the walls between the calices, and rarely by fissiparity. 

Glypuastr^ja Fohbesi, Ed. & H., sp. ; amended. 

Colony large, with a stout stem terminating in gibbous prominences^ 
resembling aborted branchlets ; calices numerous, crowded, irregular 
in size and shape, hexagonal, pentagonal, and even square in outliuej 
shallow, with broad flattish margins separated by straight linear 
shallow grooves, which form polygonal shapes around each calico ; 
septa broad at the margin, reaching the linear groove, subequal at 
the wall and granular there. There are throe perfect cycles of septa 
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and, rarely, some members of a fourth. In the first instance the 
primaries and secondaries reach the axis, and the tertiaries do not 
project much from the wall. Commonly, in full-grown calicos, 
two long slender opposite primaries unite wdth the columella so as to 
cross the calico, having the appearance of one very long septum; 
in other calicos the columella unites several septal ends, and the 
appearance just noticed does not occur; or opposite primaries may 
unite 'without a columella. Tlie inner parts of the septa arc slender, 
often wavy, and their granular free i)art is very low, on account of 
the occurrence of dissepiments ; upper disse])iTnents fret^ and gra- 
nular, uniting wdtli the septa and columella to form a convex mass at 
the bottom of tlie calice. 

Fissiparity raie, and when gemmation occurs the buds have six 
primaries ; height many inches ; breadth of the st(‘m to 32 or 
more inillim. ; breadth of calicos from ho to 6 millirn. ; dej)th 1-5 
to 3 millirn. 

Lomlitjj. Maryland Ti'rtiary deposits. 

The only notice Av^hich I can find in any American publication of 
Septastrem Forhesi^ Fd. & H., now GJifph<(striH<( Forlhsi^ Fd. H., 
sp., is in the ‘‘ (Uicck-list of the lnv<u‘tchrate .Fossils of Noi th 
America,” by Meek, Smithsonian IMiscellaueous Foil. vol. viii. 1884, 
“ Tert. Syst. ^Miocene Kpoch.” Ihit there is nothing more than the 
name and the locality of AFaryland incutioncd. I’he form docs not 
ap])oar to huv(i boon figured anywheie. 

Tyell was the first geologist w ho introduced the corals of Virginia 
and Maryland to the notice of science, and Lonsdale studied the 
forms. Lycll’s communication is in the fourth Aafiumc of the Fro- 
ceedings of this Society, j). 547 (18-15), and (luart. Journ. (h'ol. Soc. 
vol. i. 1845, [). 413. Amongst other corals Lyell collected from 
A^irginia a compound, ramose, cylindrical, lohed or massive and 
expanded .s])ecics, which Lonsdale, in a })apeT' in the same volume 
(j>. 497), described as (Jolmnnuria (?) aea-nidiata, lie figured the 
form and gave a magnified view of a calice-. 

I do not think that Edwarils and Hainie had the (>p]>oi‘tunity of 
studying Lonsdale’s type, otherwise they Avoiild not havepiaca.ai it in 
such a remote genus as Astramfia. It appears, after studying 
Lonsdale’s careful description, that Meek is correct in jdaciiig the so- 
called Coltunnarla in the genus /Sejtfftslnnt^ as understood hy Milne- 
Edwards and his school, although Lonsdale stated that he could not 
find proofs of fissiparity on the surface of the corallum. The mag- 
nified view of the calice given hy Lonsdale show's a small columella 
and the stout jiarts of the jnimai'y and secondary se])ta near the 
margin ; moreover he figures and mentions a groove wliich bounds 
the calices ; but there is union shown hetAAmcn some of the tertiauy 
septa and the secondaiics wdiich docs not occur iji the calices of the 
other species. Moreover the open condition of the iiitcrscptal 
spaces of the immature calices of Lonsdale’s species is not seen in 
G, Forbesi ; nevertheless the alliance of the species is very close. 
It appears to me that Lonsdale’s species must stand as Ghjpliastropa 
sexradiata, Lonsd., sp. The type of Lonsdale’s species is not in the 
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collection of the Greological Society. There is, however, a much 
weathered specimen of /Septmtraa Forheai^ Ed. & H.,=zGlyp}iastraia 
Forhesi, with the name of Br. Koch upon the tablet as that of the 
collector. The specimen is a very instructive one, and it shows how 
weathering may destroy all those structures which characterize a 
species. There is only one calico in the rather large colony which 
indicates that there was once a small columella, and the interealicular 
groove is almost destroyed in every part of the coral. The edges of 
the neighbouring corallites arc often sharp Irom i*emovalof the inside 
of the calicos. The study of this specinum proves how thoroughly 
paltcontologists may be deceived by describing indifferent specimens. 

EXPLANATION OF PLATE 111. 

Fig. 1. Tho colony of Ghiphasfretd Forhed^ in outline; nat. si/.o, 

2. Part of the fraclurcd stc^m, magnified, a, corallito inulergoing fisai- 

parif y ; a', a part dividing from a\ corallito undergoing fission ; 
c, corallilc witii a confused septal {irrangcinont, ; d, a bud with six 
primaries, a secondary sej>tinn,and a eoluuK'Ila ; r, corallito showing 
a eolnmella ; J\ corallito eomiueueiug lis.siou (coinj)ar(‘, the part 
nearest tlie axis of the stem with a\ in wljich the process has been 
completed). 

3. Three weathered (jorallites, magnifi(Ml, talvcn close below the positioTi 

of tbeCiiliees; fis-sioii in ))rogre.ss in two, and the columella visible 
in the third. 

4. Sections oC corallitcvS, one undergoing fission, inagnified. Specimen in 

the Jh'itish Museum. 

4'. Two caliees corresiamding to the fissi parous corallito of fig. 4, maguilied. 

5. Some calicos, magnified. 

H. Section of a coraliite showing complete endothe.ea and a ring-shaped 
columella, magnified. Specimen in the Pritish MnsiMim. 

7. Longitudinal section of a corallito showing close*, siu*e('-SHiv(3 endotheeal 

dissepiments below that which closes the calico iiileriorly, magnified, 
liritish Museum ypcciineii. 

8. A similar section showing succossivc layers of endotheca in relation to a 

columella, magnified. Pritish Museum specimen. 

9. Part of a longitudinal section of a corallito showing a discontinuou.s 

columella, magnified. Pritish Museum. 

10. The central superficial nodule of a columella, magnified. British 

Museum. 

11. The ])osition of the ribb(»n-8lui])od part of the columella, placed bt'tween 

the inner ends of two opposite primary sejita, magnilied ; more or 
less diagrammatic. 

12. Primary siipta j tuning at their inner ends, magnified; diagram. 

13. 14. Juiietiou of septa accomjianied by nK»re o*' less eoluinellar struc- 

ture in .14; a section magnified. Siiecimeu in British Museum. 

If), Yiew of septa and colmneila from above, magnified. British Museum. 

1(5. Twisted septal ends forming a false (;olumcUa, magnified. 

Biscussion. 

Br. Hinde remarked on the interest attaching to the specimens. 
He inquired if one of the specimens on the table belonging to the 
Society was not the type of M. -Edwards and Haime. He thought 
the prolongation of the septa across the calico indicated merely 
a tendency to hssiparity, and was not a generic character. He was 
not sure if there was a columella distinct from this prolongation, 
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which was only well seen in a few calices. He asked if a section 
of the coral had been made, as this would show whether there is 
really a columella or not. 

Mr. Etheridge said there bad been several specimens of Sept- 
astr(m Forbesi at the British Museum, and they were identical 
with those on the table. The septa are waved, and they anastomose 
more than was shown by Dr. Dunean’s figures. The speaker then 
proceeded to point out some of the other minute characters of the 
genus Septastrcea, and especially showed that the junction of the 
septa at the commencement of fissiparity was very difficult to recog- 
nize, but, if seen, was unmistakable. 

Dr. Duncan, in reply, said the type of M.-Edwards and Haime 
had been in the Museum of the Geological Survey, and had been 
sent to the British Museum, consequently ho could not lay it on the 
table. He showed that there was a distinction to bo made betw'oen 
the columella and any prolongation of the sej>ta at- the commence- 
ment of fissiparity, and that this could be recognized in the fractured 
part of the specimen. 
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6. On the Ooctoebncb of Species of the Gentts DTPHYPHTLLtrM, 
Lonsdale^ in the Loweb Cabbonifbbotjs Sxbata of Scotland, 
with a Descbiption of some new Species and Notices of 
Vabieties. By James Thomson, Esq., F.G.S., &c. (Read 
March 24, 1886.) 

[Plates IV. & V.] 

(Abridged.) 

The object of this communication is to offer evidence in favour of 
the recognition of the genus Diphyphyllum, which was defined many 
years since by Lonsdale, and which has not l)een definitely accepted 
by any j)ala;outologist, with the exception of M^Coy. It is proposed 
to give a slight history of the genus and species, and then to notify 
the occurrence of all the sj)ocies with varieties in somewhat remark- 
able deposits in the Low^er Carboniferous series of Scotland, and to 
describe two new species and a variety of one of them. 

The facts now brought forward clearly prove the truth of 
Ijonsdalo’s diagnosis of the genus, which enters the family Cyatho- 
phyllidm of the Rugosa, and also necessitate the introduction into 
the generic diagnosis of the words ‘‘ increase by gemmation and by 
fissiparity.’^ 

The genus Diphypliyllum was defined by Lonsdale in Murchison, 
Xcyserling, and I)e Verncuirs ‘Geology of Russia and the Urals ' 
(appendix, p. 622), and the type of the species D, conciniuwi, Lonsd., 
is in the collection of the Geological Society of London. The defi- 
nition was as followb : — “ A stony lamelliferous polypidom ; lamellae 
exceeding 12, biplatcd ; branched, brancht‘S dichotomous ; internal 
structure, triareal — 1, central area intersected by flat, convex, or 
irregular diaphragms, no persistent axis ; 2, intermediate area tra- 
versed vertically by lamcllai, intcrsj)aces crossed obli(piely or down- 
wards by extensions of the diaphragms and subordinate plates ; 3, 
outer area traversed by lateral extensions of lamellae, interspaces 
crossed by arched or vesicular laminae inclined upwards and outwards : 
stems not uniformly thickened by external secretions, but occasionally 
united when in juxtaposition.’^ In explanation Lonsdale notices 
.that acicular points arise from the upper suriuce of the diaphragms 
(tabula)), and sometimes are continuous through the diaphragms 
above for a short distance, but there is no persistence of this struc- 
ture so as to form a columella. The corallites are in ramified masses. 

DiphyphyUum concinnum, Lonsd., is defined as follows in the 
above-mentioned work, p. 624, pi. A. fig. 4 : — “ Stems cylindrical, 
nearly smooth ; crossed externally by close, tine, waved lines, and 
stronger, unequal, distant bauds ; lamella) numerous,' variable ; inner 
surface of plates furrowed strongly upwards and outwards ; central 
area, diaphragms flat, convex or irregular ; intermediate area, prin- 
cipal lamellae exceeding 30, more or less waved ; intermediate very 
unequal ; interstitial prolongations of diaphragms inclined sharply 
downwards, accessory plates nearly horizontal ; outer area, lamellae 
a J. G. S. No. 169. D 
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variable in strength and range, interstitial plates largely vesicular : 
tormina] cup deep, lined by edges of the lamellae, no central boss.” 
llelative proportions of areas not constant. Diameter of corallites 4 
to 4*5 lines. 

Localities. Carboniferous limestone, Kamensk, Siberian side of 
the Oural, and Dristol, England. 

M‘Coy found species of the genus and recognized the increase by 
fission or fissiparity ; he published his definitions in Ann. & Mag. 
Nat. Hist. ser. 2, vol. iii., and subseijuentl}’ in his ‘ Paluiozoic Fossils 
of Great Britain,^ j)- (1855). Dlphyplnjllum latiseptatum and 

D. (jradle were there added to the English coral-fauna. 

M‘Coy notices Imw rare dichotomous branching is amongst the 
Cyathop])yllida', and that this form of increase distinguishes Diphy- 
phyllum from Cyatliophylluhi. Ho states that there is no axis, and 
that the corallites are biareal, the large central area being occupied 
by a strong simj)le transverse diaphragm, deflected of the cir- 
cumference, surrounded by a narrow, outer vesicular area. Outer 
wall thick, radiating lamellae numerous, not reaching the centre. In 
J). latUepiatwa then^ arc 28 primary septa and 28 smaller ones ; 
1). yracile, which is a small form, has not one half the septal number 
of the other sptjcies. There is no doubt that M‘Coy thoroughly 
understood Lonsdale’s definition, and that his own s])ecific diagnoses 
arc correct. 

From the tinn* \vhen 11 ‘Coy wrote, down t-o the present day, 
nothing but doubt iind denial liave been associated with the genus so 
well distinguished by Lonsdfiie. Milne-Edwards and Jules Haime 
(Hist. Nat. des Cornll. vol. iii. p. 131, 1<8()(>), considered Jjonsdale’s 
si)Ocies to bo the same as M‘Coy’s D. and that the genus 

was founded upon speciiuens oi Litlwdrotion in w'hich the axis had 
boon lost. They do not mention the fissijjurous increase of the coral- 
lites at all. Prof. Hall (Pal. New York, vol. ii. p. 113) describes 
DiphephyUum and separates it from Diphyphifllum, recognizing the 
affinities of the gein'i a. 

Billings (Canadian Journ., March 1859) debaUd the fissiparous 
method of increase in Lonsdale’s geiiu^, and yet separated it from 
Lithostrotion on account of the defective axial structures. He, 
moreover, considend Hall’s genus to be synon3'nious with .Lonsdale’s, 
which it is not.. 

l)e Koninck giv('s an excellent history of the genus in his llcch. 
sur les Anim. loss, dii Terr. Garb, do la Belg. pt. 1, p. 33 (1874). He 
show^s how Tionsdalo separated the g(‘iius from Lithostrotion on account 
of the absence of a ctdumclla, and criticizes Milne-Edwards and 
Jules Haime. He does not, however, admit that fissiparity occurs, 
and maintains that the appearance is due to the rapid coalescence of 
young individuals which have been really produced by gemmation. 
He agrees in this- respect with M. Imdwig (Zur Pal. dcs Ourals, 
p. 14, pi. ii. figs. 4, 5, 7). De TConinck, however, considers that 
Milne-Edwards and J ules Haime have admitted the fissiparity, as did, 
of course, M>Coy. He reflects upon the mistakes of D'Orbigny and 
De Fromentel in using the generic name given by Lonsdale for very 
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different corals from those to which he intended to apply it, 
namely the fasciculate Lithostrontionts. Nevertheless, M. de 
Koninck’s reading of Lonsdale’s definition of Diphyjjhylliim (op, ciU 
p. 33) does not satisfy those who believe in the fissiparity of the 
individuals of its species. This is to be regretted, because it is now 
shown by the Scottish specimens that Lonsdale was correct ; and, 
moreover, in order to complicate matters, tlicre are also forms in 
the Scottish Carboniferous which agree with L)e Koninck’s insufficient 
generic diagnosis, and which may be termed % TJiphyphyUa, 

increasing by gemmation only, and with more or loss united coral- 
litcs tsee the concluding sentence of this communication). 

The specimen of Tytpliyphyllum Lonsd., figured by Bo 

Koninck does not show fiKsij)arity : but similar slabs are to bo 
obtained in the Scottish Lower Carboniferous, and fissiparity is 
s('en now and then in them, the greater part of the increase being due 
to gemmation. Bo Koninck also considers McCoy’s 1). latlscptatum 
to bo synonymous with D. eoticinmim, the difference being duo to 
vigorous growth of the first-named coral. 

Lindstrom, in his useful index to the generic names of the corals of 
Pahcozoic formations (Ifihang till k. Svenska Vet.-Akad. ITandl. 
lid. H, no. 9, 1883), states that DiphypJtyUarn^ Lonsdale, 1845, has 
Eridoj)hy]him^ Ed. H., as a synonym. Tliis is an error, for Erldo- 
2 )hyflu)n differs very decidedly ; it does not increase by fissi2)arity 
and has rootlets. 

The ])res(mce ol* sev('ral forms which must come within the genus 
DiphjfpJiylliim^ Lonsd., in the Lower Carboniferous strata of Scotland 
is ])laced beyond a doubt-, and the difficulty is to distinguish species 
from varie1i(*s. Certainly there are four groups of species and some 
varieties -which have been collected, and they may be divided as 
follows : — 

1. The 7). concmimai group, with numerous primary and smaller 
sc]Ma, not less than from 45 to (>0 in number ; ondo theca moderate. 

2. Large forms wit h long and shorter sej)ta, about 40 in number ; 
cndotheca iu two . distinct circles. A new species, B. 

comes in here, with a. second, I). Elacl woodi. 

3. Large forms with numerous septa and much cndotheca, filling 
largely the interseptal loculi. Here come in D. latisfptatuniy M‘Coy, 
and two varieties, var. yiyanteuni> and var. interruptum, 

4. Small forms with small corallites with few septa : D. gracile, 
M‘Coy. 

The following old and new species and varieties of the genus 
Diplhyphylliun^ Lonsd., occur iu the Lower Carboniferous of Scot- 
land : — 


coNcrxxUM, Lonsd. (PI. lY. fig. 1.) 

A variety with smaller corallites than the type, and about 44 septa ; 
diameter G millim. by 8 millim., in the instance of the largest coral- 
lites. The distribution of the endoihcca, tabulae, and acicular points 
is as in the type, and everything is on a smaller scale. The corallites 
are tall and wide apart. Gemmation appears to be more frequent 

D 2 
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than fissiparity, and this may occur so that the parent corallite 
becomes tnlobed in transverse outline, and the fission is double 
instead of single. That this is not a junction of buds can be proved 
by studying the growth of the septa from the dividing laminae. 

Locality. Lower Carboniferous, Scotland. Kirtle Bridge and Black- 
ridge, Dumfries. 

Yar. PURCATUM (PI. IV. fig. 2). This variety has slightly smaller 
septa and wider central space than the typo. It does not occur in 
dense masses. 

Locality. Near Fenwick, Ayrshire and Corrieburn, Dumbarton. 

Dtphtphyllum Blackwood I, sp. nov. (PL lY. fig. 3.) 

The coraUum is in dense fasciculate masses, with corallitcs of differ- 
ent sizes, cylindrical, tortuous, close or not, rarely in lateral contact. 
Epitheca delicate. Diameter 4 to 0 millim. Fossula with a small 
primary, often indistinct. Sepia 15 to 20, according to the size of 
the corallite, with a similar number of smaller ones (30 to 40 in 
all), the larger extending inwards considerably, but leaving a wide 
central space : they are very thin and delicate near the equally 
thin wall, and are stouter and decidedly bilaminate at their junction 
with the innermost endothecal ring ; they may extend beyond that. 
The smaller septa are short, thin near the wall and thicker near the 
outer endothecal ring. Acicular points rarely exist — in one corallite 
out of 14. Endothcca stout between the septa and vesicular ; the 
inner circle of it is oflcn festooned. A vesicular structure is often 
seen near the wall in the intcrseptal loculi. Tabuhe largo, horizontal 
in the central area and inclined at the edges towards the underlying 
tabula ; sometimes bent upwards and then having a relation to the 
fissiparity, which is both single and double. 

Localities, Auchenmead, Boith, near Fenwick, Ayrshire ; Boghead, 
Lesmahagow, Lanarkshire. 

Yar. APPR0XIMATU31. (PI. lY. fig. 4.) 

This has the “ rods ” very fre(|uently developed. 

Locality. Boghead, Lesmahagow, Lanarkshire. 

In a coral Avith closer corallitcs than the last, and which might 
almost be considered to be a variety of it, the septa of (he principal 
series extend so far inwards, and the endothcca is so much legs like 
internal walls, that I consider it to form a new species : — 

Diphyphyllum cylindricum, sp. nov. (PL lY. figs. 5, 5 a.) 

Corallum in dense fasciculate masses, corallitcs tall and cylindrical, 
epitheca thin, with narrow growth-rings. Septa few, 18 to 20 large 
and as many small, the large passing far in and reducing the 
dimensions of the central area and tabulm. The small septa extend 
about one fourth of the distance of the others. The vesicular 
endotheca is delicate, in two fairl}’ distinct circles in the interloculi, 
and some delicate inclined stereoplasm occurs, Fissiparity is 
frequent and is of both kinds : gemmation also occurs. 
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Locality. Boghead, Leamahago ; Boughwood and Thirdpart, Beith, 
Ayrshire. 

Diphtphtllum latiseptatxjm, M‘Coy. (PI. Y. fig. 6.) 

' This form must now be separated from D. condnnum^ for the 
specimens show a large corallite with 52 septa in all, longer primary 
septa than in D. concinnum^ and a very considerable vesicular 
en do theca filling the intcrseptal loculi, and much more of it than in 
the species determined by Lonsdale. Both kinds of fissipaiity are 
present. 

Localities, Corrieburn, Dumbarton, and Penwick, Ayrshire. 

There are two varieties of this species, var. giganteum (PI. Y. 
figs. 7 and 8) and var. interruptum (PI. Y. fig. 9). 

Diphyphylltjm gracile, M‘Coy. (PI. Y, fig. 10.) 

This is the smallest species of the genus, and the Scottish 
specimens are fairly undistinguishablo from the type. The septal 
number is small, and there is fissiparity as well as gemmation to be 
observed in the method of increase of the individuals. The corallitos 
are in tortuous, ascending, and irregular bifurcating masses. 

Localities. Ootcastle near Strathavon ; Braidwood and Brockley, 
Lesmahagow ; Roughwood and Cunningham, Bedland Dairy, Ayr- 
shire. 


List of Scottish Lower Carboniferous Species and Varieties 
of Dij^hyphyllum, Lomd. 

1. Diphyphgllum concinnum^ Lonsd., variety. 

„ var. furcafum. 

Blackwoodi^ sp. uov., and var. approximaium. 

3. cylindricum, sp. nov. 

4. latiseptatumy M‘Coy, and vars. giganteum and inten'nptum. 

5. gracile^ M‘Ooy. 

Some of these forms are found in large masses and environed and 
covered by volcanic ash. It is not too much to believe that some 
of the variability of the species may have been produced by the 
rather frequent slight changes of external conditions which must 
have accompanied the vulcanicity of the Lower Carboniferous age. 
Indeed, the volcanic ejectamenta appear to have finally destroyed 
the life of the individuals over the area, for the species are not 
found in a liigher geological horizon. 

The examination of the numerous species and varieties of the 
genus ^established by Lonsdale enables the truth of his description 
and diagnosis to be appreciated. His only mistake was an omission ; 
for when ho stated that the species increased fissiparously, he did 
not also state, what has been shown here, that gemmation also 
occurs. The description given of the tabulae by Lonsdale is correct, 
and so is that of the acicular points sometimes becoming rods which 
do not extend for any great height in the centre of the corallum. These 
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pomts rise from the surface of a tahula, aud when there are rods 
they transfix, as it were, several tabulae. The rods are rarely seen, 
but, by searching, some will be found in a somewhat definite per- 
centage of corallites. The triareal nature of the corallites is to be 
recognized, but it is a term which has become disused, especially 48 
the endotheca only gives characters of second-rate importance as a 
rule. 

The fissiparity is much better shown in the specimens herein de- 
scribed than it was in those seen by Lonsdale, and there are three kinds 
of the process. In some corallites bonding in and figure of 8 occurs, as 
in the Mesozoic and Eecent Corals, and division took place at the nar- 
rowing. But usually a ridge grows across the corallite, and septa are 
formed on either side, and then the ridge, which, for a time, has been 
partly the wall, separates into two portions. The third method is 
singular, for two ridges grow towards the centre of a corallite, and 
one reaches the other at right angles near the axis, and thus the 
appearance of a trilobcd budding is presented ; but it is evident that 
septa only grow from the ridges, and that would not be the case in 
buds. After separating, the new corallites grew upwards away 
from one another. The ridges, which have so much to do with the 
two commonest kinds of fissiparity, are the extension inwards of 
oppositely placed large septa ; the inner ends unite and shut off the 
two parts of the corallite, and septa grow from the faces looking 
towards the new central areas. In another form it appears as if a 
tabula turned up or grow up at its outer edge and stretched across 
the corallite at the calice ; it came ui) to the bottom of the visceral 
cavity, and then septa grew from both sides of it and fission occurred. 

Pissiparous growth is a very rare phenomenon amongst tine Bugoso 
Corals, and, so far as is known, Bipliijphylliim is the only geiins 
in which it occurs. The allijinccs of the genus need hardly be 
noticed hero, as they have been discussed by Milne-Edwards and 
Jules Haimo, and especially by De Koninck in the woi-k already 
quoted. 

The presence in Scotland of a species of a genus which would come 
within that which should receive De Koninck’s 1). voncAnnum (uojj 
Lonsdale) has been discovered of late, aud it necessitates the re- 
definition and renaming of the Belgian type, so as to 8ej)arate it from 
the fissiparous form. This new genus will form the subject <>f a 
future communication. 


EXPLANATION OF PLATES IV. & V. 

Plate IV. ^ 

Fig. 1. Bvphyphylluin concinnnm, Loned., traiisTerse section showing fissiparity. 

2. , var. furcatum. 

3. Blackwoodiy Thoms,, transverse section, 

4. , var. approximatmn, transverse section. 

5. cylmdricunif Thoms., transverse section ; 5 a, longitudinal section 

of corallites, 
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Plate V. 

Fig. 6. Diphyphyllum latiseptaiunif M'Coy, transverse section. 

7. , var. giganteum, transverse section. 

8. , longitudinal section of corallites. 

9. , var. mterruptum^ transverse section. 

10. gracile, M‘Ooy, transverse section. 


Discussion. 

Prof. Duncan, after drawing attention to Mr. Thomson’s industry, 
stated that the communication settled the long-disputed value of 
Diphyphyllum, Lonsd. Lonsdale diagnosed the genus from in- 
difierent specimens, and yet clearly established the absence of a 
columella and the presence of fissiparity in the forms. Mr. Thom- 
son’s beautiful specimens prove that Lonsdale was correct, and 
in addition show that there was also gemmation. It is now evident 
that the opinions of Milno-Edwards and Jules Haime about the 
genus are incorrect. In drawing attention to the different aspects 
of the calices of the liiigosa and of sections made lower down in 
the corallites, Prof. Duncan remarked that Mr. Thomson placed too 
great a classiffcatory value on the cndothecal structures, which vary 
in the same coral. 

Dr. Hini)]'] inquired whether the diagrams exhibited related to 
distinct species or rG]>roscnted characters drawn from different 
species. Is it the case that both fissiparity and calicular gemmation 
occur in the same species ? 

Prof. Duncan thought the diagrams were intended to be general. 

Prof. liupRRT Jones expressed himself favourably with regard to 
the paper and the specimens. 

The President expressed his regret that Mr. Thomson was not 
present to receive the personal congratulations of the masters of 
yialx'ontological science upon his interesting communication. 
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6, On Tertiaby Chilobtomatoits Bryozoa from New Zealand. By 
Arthur Wm. Watjsbs, Esq., F.G.S. (Read December 1, 1886.) 

[Plates VL-VIII.] 

In the following paper the Chilostomata * from three collections are 
described, two being kindly lent by Miss Jelly, to whom they had 
been sent by a correspondent living in the neighbourhood of Napier. 
They are from Petane and Waipukurau, both representing a well- 
known horizon, and also some from Waikato t and Trig’s Station, 
Tanner’s Run, besides others designated as from the neighbourhood 
of Napier. 

For the third collection, w'hich is only small, I am indebted to the 
kindness of Professor Hutton, who collected the material from the 
base of the Shakespeare Cliff, Wanganui. ^ 

Petane, Waipukurau, and Wanganui are known localities in what 
is called the Wanganui system, which Tonison-Woods in his “ Corals 
and Bryozoa of the Neozoic Period in New Zealand ” (Colon. Mus. 
and GeoJ. Purvey Dept. 1880), calls “ ITpj)er Miocene,” but which 
Professor Hutton more recently ((iuart. Journ. Geol. Soc. vol. xli. 
1885, p. 194) calls Newer Pliocene/' 

The only papers on New-Zealand fossil Bryozoa with which I am 
acquainted are those by Tenison -Woods, just mentioned, and one 
by Stoliezka, “ On the Bryozoa from the Marine Beds of the Wait- 
emataschichten of Orakei Bay.” The Waitemata beds belong to the 
Pareora system, and are considered by both Woods and Hutton to 
be Miocene. 

Of some few the state of preservation is very satisfactory, while 
with most this is by no means the case ; yet it is often surprising 
to find how in badly preserved specimens the chaiacters can be 
distinctly made out by a detailed examination of cell after cell. As 
an example, I had examined Lepralia semiluna, var. simplex, for 
over an hour before I could tell wliich was the right way up ; but 
when at last I got the key and cxaiuined the best- preserved zooecia, 
the characters were made out as distinctly as in any fossil that I 
have yet examined. 

The general appearance depends largely upon the conditions of 
fossilization, and with most of the fossils now examined is quite 
useless for specific separation ; but during the last few years we 
have been taught how, in the recent forms, we must look almost 
entirely to the zooecial characters, and our knowledge of the fossils 
must be increased by a study of each character sej)arately. It will 
most materially help the study of the recent Bryozoa when the 
descriptions are given of the sej)arate organs with the organic integu- 
ment removed, and this must be done before comparisons are made 
with fossils. Through the kindness of Miss Jolly I have been 

♦ The description of the Cyclostomata will shortly follow. 

t This is written “ Whakati,” but I have not been able to find out that there 
is such a place, whereas Bryozoa of this age are known from Waikato Heads. 
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enabled fco make such direct comparisons with most of the recent 
New-Zealand and Australian Bryozoa, making preparations of the 
covers and other parts, and, during the three years that these collec- 
tions have been in my hands, have been preparing myself for dealing 
with the fossils by studying the recent forms. 

There are some people who think it is possible to turn aside from 
other work and off-hand decide on the correctness of an author’s 
interpretation ; but, certainly with such a group as the present, 
criticism such as every author ought to be glad to receive can only 
be of value when the spirit of the work is entered into after pro- 
longed examination. On this account it is much to be regretted 
that there are so lamentably few workers on fossil Bryozoa, whereas 
there are numbers of entirely new fields, and all the older work 
ought now to be revised from our present stand-point in classi- 
fication. 

The genus Memhranipora, which is largely represented from near 
Napier, is not one of the most useful palacontologically, because (1) 
the shape of the oral aperture is never preserved, but only that of 
the opcsial aperture, which is of but secondary diagnostic value ; and 
(2) ill this genus the appearance of the zooecia is remarkably modified 
by the presence of ovicells, but these are often wanting both in 
recent and fossil specimens. In fact, among the recent forms, the 
ovicells are not known in one half of the species, and even in some 
of the commonest, such as M, pilosa^ they have not yet been found. 

It will be seen from a reference to figures 2 and 5, 3 and 6 how 
very different the appearance in various parts of the same colony 
may bo ; and this is by no means confined to the genus Memhranipora, 
but occurs in numerous genera, an exam])lo of which may be seen 
in different parts of Mlcroporella elevaia, T.-Woods (see Quart. 
Journ. Geol. Soc. vol. xli. pi. vii. figs. 0 and 9). 

In nearly all the commoner species with wide geogra])hical range, 
such as Mivroporella ciliala, OrihriUna racUata, lihynchopora hi- 
spinosa, Cdlepora coro nopus, Orihrllina monoceros, Porella concinna, 
&c., the mode of growth, the thickness, the structure of the shell, 
the size and number of spines*, the position of avicularia, and other 
characters are known to be liable to great variation, causing the 
appearance to be quite different. Yet notwithstanding this wide 
range in common species, it seems to bo overlooked that the same is 
likely to be the case in species with which we are less acquainted ; 
and the comparisons that I have been obliged to make in studying 
the characters of the fossils have convinced me that not only by 
those fresh in the field, but also by some of our most competent 
workers, local varieties, or even specimens, have in many cases 
been described as species. With the paucity of fossil material, it is 
impossible that this can always be avoided, but I would urge the 
advisability of more frequently indicating the relationships. 

I have never been satisfied as to the separation of Smittia and 
Mucronella ; and although wc seem on the right track with regard to 

* Thus we have Memfyranipora Lacroiscii and M, monostachys with and without 
spines. 
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the daesification of the Chilostomata, there are many points which 
require modification, and the peristomial characters all seem too 
variable to be used for wider classification. 

A list of recent New-Zealand Bryozoa has been drawn up by 
Professor Hutton (Man. of N. Zealand Moll., Col. Mus. & Geol. 
Surv. Dept. 1880), and a large number have been described by 
Hincks in the ‘Annals,’ and some by Busk in the ‘Challenger’ Report, 
besides which, as already said, I have had the opportunity of ex- 
amining a series, and now our knowledge of the Australian and New- 
Zealand fauna is being constantly increased by MacGillivray, Hincks, 
and other workers, so that, although much remains to be done, we 
are now gaining a fair knowledge of the Australian fauna. We 
must, however, always remember that in giving the proportion of 
any fossil scries known living, this can only refer to the state of 
knowledge at one time ; even since 1 commenced writing on the 
Australian fossils, dredging has brought to light several species at 
first indicated as only known fossil, so that the proportions then given 
are somewhat changed. 

Besides those mentioned in this and previous papers, Mm'oporella 
coscinopora, var. arrnala, has been found near Port Phillip Heads and 
Queen’s Cliff. Porella emendata. Waters, has been described in the 
‘ Challenger’ Report (p. 155, j)l. xx. fig. 5) as Mucronella jf'l/riformis, 
Mr. Busk does not mention any avicularia, but in a specimen 
from Port Western I found avicularia to a few cells, placed diagonally 
as in the fossil. The fossil and recent forms agree in size and every 
particular. 

Cellaria oviceUosa, Waters, has been sent to mo recent from Aus- 
tralia by Miss delly, and is, no doubt, the hicortm of the 
‘ Challenger ’ Report (p. 90). 

Memhranij'iora articif lately Waters, has since been described by Mr. 
Hincks as Farciminarid appevdimlaia : and I would tak(3 the oj)p(>r- 
tanityof again urging the importance of decalcifying recent specimens, 
for often, as in this case, a very different appearance is given and fresh 
and important characters are seen. If Hds had been done, Mr. Hincks 
would have seen points which have escaped him, and, I think, would 
then have recognized that the species had already been described. 

Micropora cavata, W., is Aspidostonia f/ff/aiiimm, Busk. In each 
paper fresh instances of species with two or more modes of growth 
have been given ; such cases are constantly coming before me and 
new ones are mentioned in this jiaper. Recently Dr. Jullien * has 
made an important addition to our knowledge of the freshwater 
Bryozoa, and shown that, trusting to the mode of growth, a classifi- 
cation has been used which would often bring various specimens of 
a species under different genera, and that a revision similar to that 
which has been made of the Chilostomata is necessary with the 
Endoprocta. 

Enough is not yet known about the New-Zealand and Australian 
Bryozoa to be able to fix their exact age with certainty, and this 

* “ Bryozoaires d’eau douce,” par Dr. J. Jullien (Bull. Soc. Zoo], de France 
t. X. 1885). 
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ultimately can only be done by taking into consideration tbe various 
groups of fossils ; but the facies of those in hand is so recent, that 
we are inclined to think that some authors have attributed too 
great an age to the deposits containing them. That they are com- 
paratively recent cannot be doubted, when wo consider what a 
large number are known living in the New-Zealand seas, or are 
represented there by others very nearly related to them. Out of 78 
species, or varieties, 61 are known living, 29 of these from New- 
Zealand seas, 48 from either New-Zealand or Australian waters, 
and 28 have been found fossil in Australia. 

Figures of a few of the chitinous covers of species discussed are 
given, as they are the best indication of the shape of the true oral 
aperture. Figures 34 and 37 are copied and shaded from photo- 
graphs, and on this account it has been convenient to give them on 
a larger scale than in my previous papers. Mr. Busk called them 
the “ chitinous organs,” which is a very incorrect term, as they can- 
not in any way lay claim to be organs, but only covers of organs. 
Neither the opercula nor the mandibles are universally chitinous, 
although usually so, and it would seem best, when they cannot be 
spoken of as opercula and mandibles, to call them Bryozoal covers. 

With the exception of these and fig. 25 the figures are all mag- 
nified 25 times. 
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4. Laeroixii, var. graiulis, W. .. 
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7. solidula, Aid. ^ Hiricks 
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1(5. crassatina, W 
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1. Cbllaria malvinensis, Busk. 

Cellaria malvinensis. Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 285. 

Loc, Liviug: various localities in the Southern Hemisphere. 
Fossil*: Australia; Nelson (jET.), Waipukurau and Shakespeare Cliff 
(New Zealand). 

2. Membranipora monostachys, Busk. (PI. VI. figs. 3 & 6.) 

Memhranipora monostacfiys, Eusk, Brit. Mus. Cat. p, 61, p\. Ixx. 
VoT Brit. HLai. V olym, p. IBl. 

A specimen from Napier has a large spine below the aperture and 
numerous smaller ones round the opesia. The ovicell, which has 
not been previously seen in 31, momstacJiySy is subglobose, with a 
strong rib on the front enclosing a sub triangular or suboval space, 
which is divided into two equal parts by a median rib. The ovicell, 
in structure, somewhat resembles that of 31, aurita, Hincks, and the 
raised rib on the ovicell occurs in many Mcmhmniporm, such as M, 
lineata^ 31, yaleata^ M, unicornis^ 31, M, circumclaihratay 

31, dentata, &c. This differs from 31, Uueata in having a large 
spine below the opesia, but there is no doubt that this, 3f. pihsa, 
and 31, pyrula, Hincks, are closely allied. The ovicell is like that 
of M, valdemunita^ Hincks. Miss Jelly has a recent specimen from 
Napier with similar ovicells. 

Loc, Fossil: Napier. 

3. Membranipora ljneata, L. 

In a fossil from Shakespeare Cliff the zooecium has a thick border 
and was surrounded with spines. The ovicell is short, and betwc cn 
the zooecia there are interspersed small cells, with a smai], round, 
or elongate opening ; these 1 have sometimes called blind cells. 

The form of the ovicell seems to indicate that this is 31, Uueata ; 
but as there arc several species closely allied, it is difficult to speak 
with certainty in such a case. 

4. Membranipora Lacroixii, And., var. grandis. (PI. VI. fig. 1.) 

There arc several specimens of Memltranipora from Napier which 

I cannot identify with certainty, but which will be recognizable 
when again found. The opesia, 0*4 millim. long, is oval, occupying 
nearly a third of the zcoecia, and has a distinct border upon w^hich 
I do not find any spines. 

The space between the zooecia sometimes bears an avicularium, 
but more often is divided into two or three spaces, sometimes with 
punctures. The ovicell, which is unkno'v^ n in the typical 31. Lacroixii^ 
is large, raised, globose. 

This is allied to my 31, tripnnetata^ but the narrow longitudinal 
band between the zooecia is wanting. 

5. Membranipora Duaierilii, Aud. (PI. VI. fig. 4.) 

FLusii'a Damerilii^ Aud., Savigny, Deacr. de PEg^ptc, pi. x. fig. 12* 

For synonyms see Brit. Mar. Polyzoa, p. 15(5. 
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Although the ovicell is wider than usual, I think this must he 
regarded as M, Dumerilii, and probably the number of sjnoriyms 
should be largely increased, as there are many fossil Membra )rtpor(v 
described with a small avicularium at the base of each zooeciuin. 
In a recent British M. Dumerilii in my collection there is also a 
vicarious avicularium wiih the lower part wide and circular and the 
mandibular end narrow. 

A curious mistake has been made in uniting Orihrilma Poiiillctii 
to this. This latter is pi. ix. fig. 12 of Audouin ; but Alder made a 
slip between pis. ix, & x., and Busk followed him, evidently without 
verification. 

Loc, Living : European seas. Eossil : Crag ; Waipukurau, 

6. Membeanipoea nobilis, Ess. (PI. YI. figs, 7 & 10.) 

Memhranipora nohilis, Eeuss, Foss. Polyp, des Wien. Tertiar- 
beckens, p. J)8, pl. xi. fig. 26. 

Zoariura adnato. Zooecia oval, surrounded by a border : in one 
or two cases a vicarious avicularium with semicircular mandilde. 
Ovicell small, smooth, with a border round the central portion. 

This much resembles M, fliistroides^ Hincks, in shape and 
character; but in the fossil the avicularium is larger, the sjuncs are 
wanting, and the ovicell is somewhat deeper. A round avicularium 
only occurs in a few Mcmhramjn)ra\ such as M. erasmnanjlnatcif H., 
M, lineata^ Manzoni (Bry. of Castrocaro, p. 11, pl. i. fig. 6), 
M, flmtroides^ H. 

A specimen from Napier has the cells, in part of the colony, very 
elongate, showing that M, ovalis, d’Orb., is only a modification of 
this species. 

Loc. Miocene: Austcrlitz. Napier and Petano (N. Z.) ; Mt. 
Gambior. 

7. Membeanipoea solidula, Alder & ;!"‘incks. 

Membrampora soJidnla, Hincks. Proc. Dublin Univ. Zool. & Bot. 
Assoc, ii. pt. i. (1860) p. 75 ; and Brit. Mar. Polyzoa, p. 158, pl. xx. 
figs. 7, 8. 

Memhratrqmra papidlferay Mac(nllivray, Trans. Soc. Yict. 

Yoh xmL p. 116. 

Bijlustra jxipuUfera, MacGiIJivray, Zool. of Victoria, decade xi, 
p. 27, pl. 106. fig. 0. 

A fossil from Shakespeare Cliff, growdng on Entafophora, has tlu^ 
zofjecia plain, suhoval, wdth a thick crenulat(‘d border, and a globose 
ovicell, wdiich is shallow and smooth, with a strong thickened ridge 
across the upper j)art. , In size anri structure of tlic ovicell this is 
just the same as specimeus from Hastiiigvs and Capri, hut 1 do not 
find any nodules. This, however, in several other species is not a 
constant character. A specimen from Wai])uknrau Gorge, whi(d) 
was sent to me queried as M, papuUfera, is of the same size as the 
one from Shakespeare Cliff. 

Loc. living ; Antrim, Guernsey, Hastings (Af.), Capri {A. W.), 
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Port Phillip Heads. {MacG,)^ Hew Zealand {Mm Jelly), Fossil : 
Shakespeare Cliff (Wanganui), W'aipukurau Gorge. 

8. Membranipora annulus, Manz. (PL VI. figs. 2, 5, & 9.) 

Memhrani^ora annulus, Manzoni, Bry. foss. Ttal. 4a cont. p. 7, 
pi. i. fig. 0(?); and Bri. di Castrocaro, p. 32, pi. i. fig. 9. 

Membranipora dentata. Waters, Quart. Joiirn. Geol. Soc. vol, 
xxxviii. p. 26J1, pi. viii. fig. 14. 

Membranipora (jaleata, Busk, Brit. Mus. Cat. p. 62, pi. Ixv. 
fig. 5 ; ‘‘Zool. of Kerguelen Island,” Phil. Trans, clxviii. p. 195. 

There are a number of closely allied forms which, through varia- 
tions in the shape of the opesial opening, often differ considerably in 
appearance, but agree in having a central avicularium, supported*by 
two strong spines on each side, sometimes ccrvicorn, and an ovicell 
widely open with a raised line arching across the front, a short 
distance above the openijig, enclosing a narrow depressed area. 
These allies are M. patula, llincks, M. cervicormis, B., Flustrellaria 
dentata, d’Orb. 

The present form, whicli I at first thought should be called M, 
dentata, d'Orb., has usually an oval opening ; M. patula has the 
lowei' edge straight ; Ji. cervicornis, B., which is no doubt the same 
as M. perversa, Waters, fossil from. Mt. Gambier, has the opesia 
usually nearly straight above and rounded below ; but in a large 
colony of an\ of these si)ocios opesia will be found with very different 
shax)es. 

In the Hew-Zealand fossils the large avicularium on the oviceJl 
is directed dov.’iiwards to the distal wall. 

One specimen from Hax3ier and one from Waipukurau are bila- 
minate, l)ut the others are adnate. We have also seen Al. cervi- 
cornis {perversa, W.) in the Vineularia-iorm, Some specimens 
have an avicularium below the ox)esia. 

All examination of the British-Museum specimens of Alembrani- 
piora yaleata, B., made since my plates were prepared, shows that 
this is identical Avith the fossil. The depressed area on the oviccll, 
which Mr. Busk seems to have overlooked, is very marked ; 
occasionally there are two avicularia, and tlie cells Avithout ovicclls, 
with the avicularian chamber jirojecting forwards, exactly resemble 
my fig. 5. ^ 

As Mr. Busk'S description was quite insufficient, it will be best to 
retain Manzoni’s name. 

Loc, Living; Swains Bay, E. Falkland, in 4-10 IVitb. {Darwin, 
fide Fossil: Pliocene of Castell-Arquato, Parlascio, Orciano, 

Castrocaro (d/.) : Mt. Gambier (Australia) ; Ha])ier, Waijaikurau 
and Petane (Hew Zealand). 

9. Membranipora cervicornis, Busk (non II as well). 

Membranipora cervicornis. Busk, Cat. Mar. Polyzoa, ]>. 60, pi. c. 
fig. B ; MacGillivray, Zool. of Victoria, decade iii. p. B2, pJ. xxv. 
fig. 8 ; Hincks, Ann. & Mag. Nat. Mist. ser. 5, vol. vii. p. 153. 
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Membranipora perversa. Waters, Quart. Joum. Oeol. Soc. vol. 
xxxviii. p. 264, pi. ix. fig. 32. 

Amphihlestrum cervicorne. Busk, Rep. ‘ Challenger,’ Polyzoa, p. 66. 
Loc, Living: Williamstown (Victoria), Curtis Island (//.). 
Station 162, 38 fath. (R.), Bondi Bay (IST. S. Wales), Adelaide and 
Port Phillip Heads (A, W. W, coZZ.). I’ossil : Mt. Gambier and 
Napier. 

10. MEMBBANiroRA SPTNOSA, Quoy & Gaimard. (PL YIII. fig. 32.) 
Flustra spinosa, Q, & G. Toy. do FAstrolabe. 

Mauhrmiipora ciliata, MacGillivray, Trans. R. Soc. Viet. 1868, 

p. 7 ; ibid. vol. xviii, p. 3, fig. 11 ; Zoology of Victoria, decade iii. 
p. 30, pi. XXV. fig. 3. 

Mimhra^npora spinosa. Busk, Trans. Roy. Soc. vol. clxviii. p. 195, 
pi. X. fig. 3 ; and ‘ Challenger ’ Report on the Polyzoa, p. 64 ; 
Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. vii. p. 150. 

Chaperia australis, Jullien, “ Bry. Cheil.” Bull. Soc. Zool. 1881, 
vol. vi. p. 1 (sep.). 

In the fossil from Napier and in a recent specimen from New 
Zealand there is an elongate lateral chamber on each side below 
the operculum, and a similar structure occurs also in A/, aimalus, 
but rather lower down. The length of the opesial opening is in 
both about 0*25 millim. 

Loc. Living : Victoria, Kerguelen Island, S. Patagonia, N. S. 
Wales, New Zealand. Fossil: Napier, N. Zealand. 

1 1. Membbanipoka Flemjngij, Busk. 

Mewbranipiora Flernmf/li, Busk, Cat. B. !M. ii. p. 58, x>L Ixxxiv. 
figs. 3-5 only ; Hincks, Brit. Mar. Polyzoa, }>. 162, pi. xxi. figs. 1-3 ; 
Waters, Quart. Journ. Gcol, Soc, vol. xli. p. 288. 

Lor. Living: European Seas. Fossil: Aldinga (Australia), Napier. 

12. Membbanipora tkieoltum, S. Wood. 

For synonyms see Hincks, Brit. Mar. Pulyzoa, p. 1 67. 

The fossil from Napier has zca^cia about half as large again as 
specimens in my collection from the English Crag. 

The opesia of the Crag specimens are 6*15 millim. wide ; these 
arc 0*25 mm., and M. appemHvulata, which is related (see Q. J.jG. S. 
vol. xxii. p. 504), has the opesia about 0*4 millim. wide. I am much 
inclined to think that it would be best to follow Bmitt and call this 
A/. Flembigii, var. irifolivm. In the Now-Zealand fossil the ovicell 
is flatter on the front than 1 have before seen. 

Loc, Living : Northern Seas. Fossil : Crag, and Naj)ier. 

13. Membbanipoba occultata, sp. nov. (PL VI. figs. 12, 13, and 
PL VIII. fig. 40.) 

Zoarium adnate. Zooccia quadrate, sloping inwards towards the 
opesia, with three spines on the upper border. Opesia nearly 
straight below, rounded above, with the sides nearly straight, and a 
broad serrated edge or denticle on the proximal border. In the 
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older parts there is a thick calcareous deposit between the cells, so that 
the mouth is buried at the bottom of a deep cavernous opening, and in 
the raised calcareous part there are numerous triangular avicularia. 

A number of the chief characters remind us of liJiffncJiopont pro- 
fiuida, MacGillivray (jS\^w or Little-known Polyzoa, i)t.iii. p. 2, fig. 8), 
and possibly some of tlie characters are hidden by the calcareous 
growth in MacGillivray’s specimen. 1 should not have been able to 
make out all the characters from the fossils, but, having seen them in 
recent s])eciincns, the fossils became quite clear. 

Loc. Living : New Zealand. Fossil: Napier (N. Z.). 

14. MoNOrOllIiLL A CA PEN STS, Busk. 

Ain.phMesirani atpense, Busk, ‘ Challenger ' lleport on the Poly- 
zoa, p. ()7, pi. xxiii. fig. B. 

Such a form as the present shows at what a great disadvantage 
the pahoontologist is placed in consequenee of being unable to find 
out the form of the Bryozoal covers, for there are many sp(;cies of 
Memhranipora resembling the present species in the Hha])e of the 
opening ; but these, such as 47. daiUitu^ AL anpidom, Ac., have a 
small opercular aperture in the membrane covering ilie o[)esia. In 
this species, on the other hand, the opening is entirely closed by a 
subcircular or elliptical operculum. 

In a recent specimen in ray collection, from Algoa Bay, South 
Afri(^a, the zoarium is erect, ('yliiidrical, or Bubcom])rcssc(l, just as 
figur(;d by Busk, and some colls Jiave tiie 1 wo spijies as described ; 
but the majority are without spines, and in none of tlio fossils do 1 
find any traces of them. Tlie Najher and Waipukurau fossils ai o both 
adnate, whereas the oiu; from 8hakest)eai*e Ciilf is a Hat bilaminaie 
fragment. Oposia of all i)*e> mm. wide. Both Flu-stre/larla 
lom^ d’Orb. (Pal. Fr. pi. 727. Dg. 10), and Bljlosira PrazaLi, Novak 
(Bbhm. Kreido, p. 18, pi. iii. figs. 20-25), are closely allied to this. 

hoc. Living : Simon’s Bay, Cape of Good ltoj)e (B.) ; Algoa Bay 
(TF.). Fossil: Waipukurau, Wanganui, and Nai>icr. 

15. Monoporella capensis, B., var. dentata, nov. (PI. VllT. fig. 2)9.) 

Til ere is a specimen from Napier wdiich, on account of a curious 

structure, it may bo best to regard as a variety. In the upper 
part of the zoeecium there appear to he two dcmticles extending 
some little distance below the aperture, hut these are only^ a pro- 
longation of a tube from one zoeecium to another ; in the middle of 
this tube is the rosette-plate. The distal rosette-jdate is, in many 
cases (as, for example, Lepralia foliarea\ in the middle of what wo 
may call a roscttc-tubo ; but I know of uo other instance in which 
it is prolonged in this way. 

10. Monoporella crassatina, Waters. (PI. Vll. fig. 15.) 

Monoporella crassatina^ Waters, Uuart. Journ. Geol. 8oc. vol. 
xxxviii. p. 270, j>l. vii. fig. 8 ; ihitL vol. xxxix. p. 435, and vol. xli. 
p. 291. 

Having seen a recent specimen from Now Zealand, and having 
a. J. G. S. No. 109. E 
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a fossil with a very larpre, much raised oviceil, both broader and 
longer than the length or width of a zooecium, I now think that I 
made a mistake in uniting Lepmlia japonica of Eusk with this 
species, although they arc no doubt closely allied. 

The operculum of the recent specimen from New Zealand is thick, 
membranous, nob ciiitinous, except at the borders, and has two 
lateral projections directed towards the basal wall of the zooecium, 
showing similarity, in this respect, to Menibranipora and Cellaria, 
It is about 0*35 mm. wide. 

Loc. Living; New Zealand (A. W, W. coll.). Fossil: Mount 
Gambier, Waurn Ponds, Aldinga and Iliver-Murray Cliffs (Aus- 
tralia), Napier, Waipukurau and “Wliakati ’’ (New Zealand). 

17- Monoporella DisjuNCTA, Manz. (PI. VI. fig. 8.) 

Lepmlia disjancta^ Manzoni, Bry. Plioc. Iral. coiit. la, Dcnkschr. 
Ak. Uissensch. Wien, vol. lix. p. 5, pl. i. fig. 8, and Eri. del 

Plioc. di Castrocaro, p. 2B, pl. iii. fig. 35. 

‘i LKpralia urceolata, Hutton, Manual of New Zealand Moll. 1880, 
p. 192. 

1 Lepr alia Auingeri, Ess. Foss. Ery. (Est. Eng. p. 166, pl. viii. 
fig. 2. 

Zoarium adnate. Zocecia subovate, distinct, not very much raised, 
surface covered with very minute granulations. Four spines above 
the oral aperture, which is large, rounded above, straight below 
(0‘25 mm. v/ide). 

This I at first called Monoporella cra.^satlna., W., yslt. micror/rana, 
hut it^iSeems to ho identical with the dLynncta of Manzoni, and this 
and the last species no doubt arc related to M. poiita. Norm. 

Loc. Living: New Zealand? Fossil: Pliocene, Castell-Arquato, 
Castrocaro (Italy) ; Napier (New Zealand). 

18. Monoporella avaipukitrenbis, sp. nov. (Pl. VI. fig. 11.) 

Zoarium adnate. Zooscia oblong, distinct, arranged in parallel 

series. Oral ap-erturo (0*15 mm.) about half or a thiid of the 
width of the zomcium, straight below, rounded abov^c, with an umbo 
below the aperture. Oviceil small, globular, raised ; surface of 
zooecium and oviceil punctured. 

The figure of Lepralia ruhens, Stimpson, looks like this species, 
and the fossil is no doubt closely allied to Ci/clicopora pralom/a, 
Hincks ; but from cornparisou of specimens in my collection they do 
not seem to bo identical. 

Loc. Napier, Waipukurau cutting, and Trig’s Station. 

19. Steganoporella neozelanica, Eusk. 

Vincularia neozelanica., Eusk, Quart. Journ. Micr. Sci. n. s. vol. i. 
p. 155, pl. xxxiv. fig. 5. 

Steganoporella neozelanica., Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. ix. p. 82, pl. v. fig. 9. 

It is exceedingly difiScult to distinguish S. magnilalris and S. 
neozelanica without the opercula, and the determination of fossils 
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therefore requires f^reat care. In S, magnilahris the shelf at the 
upper part of the opercular openini^ is much wider than in S, neo- 
zelardca^ in which it is usuall}' quite rudimentary ; the lip is also 
wider and much raised, forming a support for the base of tlie oper- 
culum. The tubular x)assage is also more distinct in S. mafjnllabris. 
None of these characters are very satisfactory, as they are all sub- 
ject to more or less variation. The fossils from Curdies Creek, 
Mount Gambier, Jlairnsdale, Eatcsford, and Murray CliflPs (Aus- 
tralia) all show the mco/nilahris characters; but a further exami- 
nation of the Waipukurau and Petane fossils shows that they are 
JS, neozelanica in the Lepralia-sta^e, 

Loc. Living: Now Zealand. Possil; Waipukurau, Petane, and 
Napier (New Zealand). 

20. MiciiopoKA LFPiDA, Hiiicks. 

Monoporella li^nda, Ilincks, Ann. & Mag. Nat. Hist. scr. 5, vol. viii. 
p. 59, pi. ii. fig. 2. 

The fossil from Napier, New Zealand, corresponds in size with a 
recent specimen from New Zealand. The oral aperture in both is 
0*1-0*12 mm. 

Lor. Possil : Napier. Living: Curtis Island (7/.) ; Now Zealand 
{E. a. J.). 

21. MlCROPOllA V ART PERFORATA, Bp. nOV. (PL VIll. fig. 27.) 

This species has caused me groat difficulty, as there are appar- 
ently two Australian and New-Zealand species, or varieties, most 
closely allied, and on none of the characters alone could the 8ff|)ara- 
tion be made. The first of these two is slightly the larger, but 
has a narrower operculum (0*12 mm.), relatively longer from the 
proximal to the distal edge, with lateral hinges as in Membra oiporay 
and the whole surface is similar in texture ; there are two lateral 
spines. The ovicell is large and not much raised, and the oral 
aj)erture of the ovicelligerous zooecia is larger than that of the non- 
fertilc ones. On each side a little below the oiifice there is a large 
circular perforation, and in some specimens inanyzomcia have a few 
Bupplemenlary pores, usually smaller, round the edge of the cell ; the 
avicularium is smaller than in the following form, and the mandible 
has a small central opening. 

This is Mcnihranipora steiwstoina. Busk (Cat. Mar. Polyzoa, p. GO, 
pi. c. fig. 1), but the insufficient descri])tion has made it impossible 
to be sure what was meant, and tlierefore the name must be dropped 
as it has since been more full}^ described as M. perforata., MacG. 
The aperture of the ovicelligerous zooecium is figured by Busk larger 
than that of the other zooecia ; but no difference in size is mentioned ; 
his figure has been drawn from a specimen covered with an in- 
tegument, and the large openings on each side have been over- 
looked, although they are very distinct in the Museum slide. 

The second form, which 1 now separate with some doubt and 
call variperforata, on the other hand, has an operculum 0*14 mm. 
wide, with the upper half the thickest and the lower composed of 

e2 
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two layers ; the avicularium is smaller, but the opening on the 
mandible is larger ; the ovicell is smaller and more concealed. 
In this also there is a similar perforation, and also, in some cases, 
others round the edge of the cell ; but this seems to be rare. 

The fossils from Napier, Wai])u]curau, “ Whakati,” and Trig’s 
Station agree with this last ; and while some specimens may have 
an avicularium to almost every cell, in others they are seldom found, 
and in one case they seem to be altogether absent. In manyzomcia 
there is a projecting boss, which seems to ]>e imperforate, replacing 
the avicularium. 

These two forms are c^vidciitly closely allied to ]\I, curiaeea, l)ut 
differ in not having a knob. Ilie “ knol) of M. cor laved forms a 
chamhor whieli coinninnicates with the interioj* by means of a I’osotte- 
plate. (1 liave already, in a lle]jort to tlie hritish Association on 
the Naples Zoological Station, 1880, pointed out that rosette-plates 
occur at the base of tiic spines of Meml>. verrlcornls.) Tt is also 
allied to Mkropora Ivpida^ llincks, to which it is very similar in 
appearance when there is a row of ]3ores round the edge. Tlie 
mandible*, of M. voriacea has a central ridge from the beak, and the 
same structure is seen in the other two species. 

22. MEMBRANirOKELLA NITIDA, Jolllist., Vai . (PI. Vll. lig. 18.) 

There are two fossil specimens from Wnipiikurau, which differ from 
recent ones from “ New Zealand’’ onl^- ifi having four spines, and 
this is probabl 3 ^ not a very important character. TJie lower lip is 
thick^iK^d, and this is the ease in a recent s])ecimen from (Japri ; 
the ovicell has often more or less of a ked, and lias a, ridge Avhich 
cuts off* the lower ])art, and in this respc'ct reseml)los M, disiaiOf, Mac- 
Gillivray (Bescrij). of New or Litlle-lniown Pol^^zoa, pt. 2, pi. ii. 
jig. T)). Jn the fossils tlua'c are no avicularia, wliereas in a recent 
specimen of this variety from New Zealand there is a large s])atulatc 
vicarious avicnlarinm, like that figured by Ihisk for CvihrUhid pldio- 
mela^ var. adihiid. Tlic costie vary from live to eight, on a side. 

AVe seem now to have various links, recent and fossil, between 
(X fifjiddrk^ 0. pJiilomela^ and Areivhrampon Ua nliidif^ and there is 
no hard and fast line between ih'd/rilhat and AlvrrdiritniporeUa. 

Lor. Living; New Zealand, Fossil: Najnor, Waipukurau. 

23. CRiintiLiKA MONoenuos, Lusk (non Kcuss). 

Ixprcdla rnonoreros, linsk, Erit. Alns. Cht. p. 72, jd. xciii. figs. 5 
and 0 ; MaeGillivray, Zool. of Victoria, decjade iv. p. 32, pi. 3)8. 
figs. 1 and 2; Itidloy, Zool. Coll. ‘Alert,’ Proc. Zool. Soc. 1881, 
p. 51. 

CrihriUiui niouoceron^ llincks, Ann. & Alag. N. H. scr. 5, vol. viii. 
p. 57, pi. iii. fig. 0, and vol. xiv. p. 279, pi. viii fig. 5 ; AVhiters, 
Q. J. Geol. Soc. vol. xxxviii. f). 507 ; Busk, liep. of ‘Challenger’ 
Polyzoa, p. 133, pi. xix. fig. 8. 

In the Napier fossil the size of the aperture corresponds with that 
of recent specimens and of the Eairnsdale fossil. In a recent 
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specimen from Port Western there are lateral denticles and a con- 
traction some distance down the aperture, which may represent the 
teeth, which are so marked in the Bairnsdale fossil, but have not 
been found elsewhere. I believe that L. monoceros and L, larvalis 
MacGillivray arc entirely different. 

Loc, Living : Straits of Magellan, 10-20 fath., Tierra del Fuego, 
19 fath., Falkland Islands, 4-1 6 fath., Capo Horn, 40 fath. (B.); Eliza- 
beth Island, 6 fath., Sandy Point, 7-10 fath., Tom Bay, 0-30 fath. 
{R.) Bass’s Straits (//.); Warmamboiil {MacG.)-, ‘Challenger:^ 
station 103 ; Port Jackson, 35 fath. ; st. 303, 1325 fath. ; st. 235, 
N. Pacific, 3125 fath. ; st. 315, 12 lath. Fossil : Bairnsdale 
(Victoria) in Eschara-tbrm, Haj^ior (N. Zeal.) adnate, Petane. 

24, CllTBRILTNA FiaULAKTS, Jolinst. 

Crihrilitia Ji(j)darls^ Waters, Cluart. Journ. Gcol. Soc. 'vol. xli. 
]). 293. 

Specimens from Waipiikurau arc very distinctly carinate down 
th(^ centre, and there is a considerable margin of smooth coll ; the 
ovi cells are those characteristic of fiffularis'^ but I do not find any 
avienlaria. Perhaps this is Le/intlia lldneri^ llss. 

Loc. Living : European Seas, JMarion Islands, and Heard Islands. 
Fossil: Crag; Iliver-Murray Cliffs, Waii)ukurau. 

25, ClillJETLINA RADTATA, Moll, Vai*. EiNDCTOnEUT, Rss. 

Li'pralia EndUcheri, lleuss, Foss. Polyp. Wien, p. 82, pi. ix. 
fig. 27, and Foss. Bry. (Est. ling. Mioc., Denkschr. Ak. Wissensch. 
Wien, vol. xxxiii, 171, pi. i. fig. 9. 

A fossil from Napier Harbour has short, broad, oval zo(jocia with 
very solid shell. The ribs are irregular, usually (i or 7 on a side. 
The oral aperture is larger (0* 15 mm.) than that of typical O, radiatft^ 
and below it there is a distimtt raised tubular ])orc surrounded by 
a border, so that it ap])ears marsupiato. The ovie-ell is about the 
Avidth of a zonocium, and, as far as can l>o judged, this has a radiate 
structure. The L. EmUicheri of Jlouss has been found in several 
Miocene localities of Austria and Hungary. 

20. Michoporella ciliata, Pall. 

Eschar a ciliata, Pall. Elench. p. 38, and for synonyms see Hincks, 
Brit. Mar. Polyzoa, p. 200, 

Lepralia calabra, Seguonza, “ Formazioni Terziarie, ” Accad. 
Lincci, cclxxvii. p. 201, pi. xv. fig. 0. 

The fossil from Trig’s Station has a large round suboral pore on a 
prominent mucro, and the avicularian opening is nearly round ; 
surface punctured. Gral aperture 0*1 mm. wide, with six spines. 
This form is tlio Lepralia plcuroimra, llss. Foss. Bry. Gist. Ung. 
Mioc. p. 153, pi. iv. fig. 11. 

The specimens from “ Whakati ” and Na])icr have a smaller round 
or lunate suboral pore with larger aAdcularian (vibracular) o])eiiing, 
and the avicularian chamber forms a tube or tunnel with the opening 
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directed towards the centre of the zocBcium. This form is the 
M. calahra of 8eguenza. 

The specimen from AVaipiikiirau has rather smaller zooecia than 
the others, but the oral aperture of all is about OT mm. wide. 

Loc. Living: Cosmopolitan. Possil : Miocene, Austria and Hun- 
gary ; Pliocene, Italy and Sicily, English Crag, Mount Gambier 
(Australia), Nainer, Waipukurau, and Trig’s Station (New Zealand). 

27. Miceoporella Malusii, Aud. 

Microporella Malusii, Aud., Waters, Q. J. Geol. Soc vol xxxix 
p. 437. 

Loc. Living : European seas, S. America, N. Zealand, Australia. 
Fossil : English Crag, and Pliocene of Italy, Bird Eock (Victoria), 
Napier, Petane (N. Zealand). 

28. MiCROrORELEA (?) MACROPORA, Stol. 

Lejmdia m(fcropora, Stoliezka, Olig. Bry. von Latdorf,p. 84, pi ii 
fig. 3; Sitz. Ak. Wien, Math.-nat. Cl. Bd. xlv. Ablh. i. 1862.’ 

Escharipora steUata^ 8mitt, Floridan Brvozoa, n 26 nl vi 
figs. 130-133. ^ ' 

Mwroporclla macropora, Waters, Quart. Journ. Geol. Soc. 
vol. xxxviii. p. 267, pi. viii. fig. 18. 

Micropordla stellata, IVIaeGillivray, ‘‘New or Little-known 
Polyz.” pt. 2, Tr, Hoy. Soc. Viet. vol. xix. p. 131, pi. i. fig. 4. 

The fossil from Waipukurau has an aviculariiim at each side of 
the aperture, and should, as 1 have before })ointcd out, perhaps he 
called var. hiarmata on iliat account : and I have again to rei)Oat 
that altlioiigh no suhoral pore is known, the genertJ characters are 
those of Micvoporella, the genus in ^ liich Professor MacGillivray 
has also placed it. ^ 

Loc. Living: Port Phillip Heads {MacG.)\ Port Phillip ( TP.) ; 
Florida (>y?a.). Fossil: Miocene, Latdorf (with one aviculariuni) • 
Waipukurau. ^ ’ 

29. Microporella decorata. Ess., var. angijbtipora, 

Microporella diadema, MacG., form a7igusiij:ora. Hincks. Ann. 
& Mag. ^hlt. Hist. ser. 5, vol. xv. p. 2d 9, pJ. viii. fig. 3. 

MacGillivray and Hincks have made several varieties of M. dia~ 
dema ; hut it seems to me that they should be called varieties of 
M. decorata^ Ess. In the typical Jf, decoraia the avicularium is 
directed directly distally, and in the recent forms there is consider- 
able variation, as, for exaraide, between var. lata and var. lunipuncta^ 
MacG. ’ 

In a fossil specimen of the typical M. decorata, from Vigna di 
Mare, near Eeggio, Calabria, the shape of the ovicell is the sam^e as in 
var. diadema and lunip'uncta, and, so far as the state of preservation 
allows of comparison, the other characters are the same. 

It seems to me that we should divide this group into M. decorata 
Ess., typica ; var. diadema, MacG. ; var. angustipora, Hincks ; var! 
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lunijnincAa^ MacQ-. ; var. longispina, MacG. ; var, lata, MacG. ; var. 
canaJiculata, MacG. 

Loc, Living : New Zealand. Fossil : Waipukurau, Napier, Petane, 
and Trig’s Station (New Zealand). 

30. MrCROPORELLA MAGNIROSTRIS, MacG. 

Lepralia magnirostris, MacGillivray, Trans. Koy. Soc. Yict. 
vol. xix. p. 134, fig. 6. 

Microporella Waters, Quart. Journ.Geol. Soc. vol. xli. 

p. 296. 

Microporella introversa, Waters, Quart. Journ. Geol. Soc. vol. 
xxxviii. p. 268, pi. ix, figs. 33, 34. 

Porina magnirostris, Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xiv. p. 279. * 

Both specimens from W’’aipukurau are in the Eschara-s^tOige, and 
in the one from “ W. cutting it forms a contorted undulating 
anastomosing mass. 

Loc, Living : Port Phillip Heads. Fossil : Mt. Gambier, Biver- 
Murray Clift’s, Waipukurau and “ Waipukurau cutting.” 

31. Mucronella mucronata, Sraitt. 

Mmrotiella mucronata. Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 293. 

Loc, J.iving : Florida. Fossil : Curdics Creek, Mt. Gambier, 
Bairnsdale, Muddy Creek, and Murray Cliffs (Australia), Napier 
(New Zealand). 

32. Mijcronfxla nitida, Verrill. 

For synonyms, see Waters, Quart. Journ. Geol. Soc. vol. xli. 
p. 293, to which add 

Smittia reticidata, var. spatJiulata, MacGillivray, Trans. Boy. 
Soc. Victoria, vol. xix. p. 135, pi. iii. fig. 14. 

Smitlia reticulata, MacG., var., Hincks, Ann. & Mag. Nat. Hist, 
ser. 5, vol. viii. p. 64. 

Although MacGillivray describes his variety as with sj)athulate 
avicularia, the avicularium figured can scarcely be called spathulate, 
and in the shape there seems to be great variability. I have speci- 
mens from Bapallo (N. Italy), and Victoria (Australia), in which 
the large avicularia arc broadly ligulate, while the small avicularia 
are oval and have rounded ends. In all cases, the avicularium on 
one side is large, on the other small, and the name inerquaVs, which 
I gave to the Neapolitan specimen, calls to mind the most important 
character. 

Loc. Living: Vineyard Sound and Long Island Sound (V.) ; 
Africa (E.); Victoria Bank, S.E. Brazil, 32 fath. {Jiidley); Victoria, 
Bass’s Straits {.IJincks) ; Naples and Bapallo ( Waters). Fosvsil : 
English Crag (TV.); Bairnsdale (Gippsland), Biver-Murray Cliff 
(South Australia) ; Waipukurau, Napier, and Tommy Gully (New 
Zealand). 



66 


M». A. W. WATBKS ON TERTIARY OHILOBTOMATOITS 


33, Mttoronella pRiESTANs, Hiiicks, 

Mucronella proistam^ Hincks, Ann. & Mag. Nat, Hist. ser. 5, 
vol. X, p. 99, pi. vii. fig. 1 . 

Mucronella duplicatay Waters, Quart. Journ. Geol. Boc. vol. xxxvii. 
p, 328, pi. xvi. fig. 64, and vol. xxxviii. p. 206. 

The fossils from Waipukurau arc surrounded with large pores, as 
in the Curdies-Crcck sj^ocimen, and some ceils have similar avicu- 
laria, but they do not occur in all. My /!/. diipUcafa -was described 
from a fragment of only a few cells, and although I also referred to 
a recent spceimcai sent over by Mr. Hutton as J.epralia variolom, 
and gave p/irticulars, it may, perhaps, be l>est to break the rule 
concerning priority^ and adopt ^Ir. Hincks's name. 

This is allied to Af. rorcinei^, but difiers in the larger ovicell, which 
is not recumbent. 

Loe. Living : New Zealand. Fossil : Curdies Creek (S.W. 
Victoria) ; Mt. Gambicr in PVm age ; Waipukurau, Petane 

marls. 

34, MuciioNELLA pEACun, Johnst. 

Tins occurs fossil from Na])ier and probably the other localities ; 
but in the fossils it is very difiicult to always distinguish between 
this and the folio wdng variety, which is common. 

35, MfcronelIvA Peachh, var. octodentata, Hincks. 

Mucronella PeacJiii, var. jS. ociodentata^ Hincks, Brit. !Mar. Polyzoa, 
p. 3t)l, pi. li. fig. 2. 

Mucronella teres^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. viii. 
p. 05, ]>1. ii. fig. 5. 

Mucronella f^jrltiosismua, Hincks, loc. cit. ]>1. iii. fig. 2. 

V Mucronella vott ricoaa^ var. mulllfipinaUt^ Busk, ‘ Challenger ’ 
Kepoj't on the J^olyzoa, p. 100, ])l. xxii. fig. 11. 

? Alurronella la vlsy MacCillivray, Trans, llo}'. Boc. Victoria, 
vol. xix. ]). 130, pi. iii. fig. 10. 

Lcpralia arrecia, llss. Bry. (Kst-. Ih\g. ^lioe. j). 24, pi. ii. fig. 1 1. 

This is a common fossil from AVaipukiirau. The zoariiim is adnate, 
with distinct, raised, ovate, smooth zocecia ; peristome raised all 
round, with about (uglit spines on the up])or part, and a broad flat 
denticle in the oral aperture directed dowmwards (towards the 
neural wall) ; this denticle closes about one third of the aperture. 
Usually a row of pores round the border of the zocecium. Ovicell 
small, globular, smooth, recumbent. 

Perhaps this should ho called ilf. Grotriana^ Btol. (see lleuss, 
Fauna Bept. p. 57, pi. vii. fig. 1 ; Henkschr. Ak. Wisscnsch. vol. xxv. 
p, 173, x)l. vii. fig. 1), whicli only dilh'rs in the absence of Bonnes. 
L, ffomesi, lleuss, is also closely allied. 

Loc, Living: Bhetland (A. M. A^) ; Capri {A, W. TV.) ; Curtis 
Island (//.) ; Btation 148, and Prince Edward’s Island, 80-120 
fath. (H.) ; New Zealand sx)ecies sent by Miss Jelly. Fossil : Wai- 
pukurau, Trig’s Station (Tanner’s Hun), and Napier (N. Zealand), 
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36. Mttcronella ? alvareziana, d’Orb. (PI. YII. figs. 24, 25.) 
^scliarina alvareziana^ d’Orb. Voyage dans I’Amerique, t. v. p. 14, 

pi. vi. figs. 1, 4. 

Lepralia alata^ Busk, Cat. Mar. Polyzoa, p. 71, pi. Ixxix. fig. 3. 
Mucronella alvarezi, Jullien, “ Bry. Cheil.’^ Bull, Soc. Zool. 1881, 

p. 5. 

Two specimens from Waipukurau have subhexagonal zooecia, with 
radiating grooves on the front and a very prominent umbo in the 
centre, a small avicularium or vibracuhim on each side about the 
middle ; a row of large pores round the edge of the zomcium 
situated between the grooves. Above the oral aperture 4-6 spines. 
Oral aperture about 0*1 mm. wide, rounded on the distal edge, 
nearly straight below, forming semicircle ; the lower edge is 
minutely serrated, with three small teeth in the centre ; on each 
side of tlie aperture a denticle directed inwards. 

This differs from L. alata, as described by Busk, in the number 
of spines, and his description leaves ns in doubt as to the aperture ; 
and merely from the fossil it is impossible to be quite sure as to the 
g(‘nus. As Lepredia (data has never been returned to the British 
Museum, I have been unable to make a direct comparison. 

Loc, Cape Horn, 40 fath. (B.)\ Peru (d'O.) ; Valparaiso (,/.). 
Possil ; Waipukurau, Trig’s Station, and “Whakati.” 

37. Mucronella trtcuspis, Hincks. 

Mucronella tricuspis^ Hincks, Ann. & Mag. Nat. Hist. scr. 5, 
vol. viii. p. 00, pi. iii. lig. 1. 

Mucronella munita^ MacCxillivray, Trans. Boy. Sec. Victoria, 
vol. xix. p. 130, pi. ii. fig. 10. 

A specimen from Petane has a row of pores round the edge, and the 
peristome rises less suddenly out of the zo(ecium tlian in my recent 
8i)ecimcn. There are lateral acute avicularia, the ovicell is recum- 
bent, and the fossil most nearly corresponds Avilh MacUillivray s 
figure. 

Loc. Living: Curtis Island (i/.); Port Phillip Heads and New 
Zealand {MacG), Fossil : Petane. 

38. Mucronella TRicusprs, Hincks, var. waipukurensis, nov, 
(PL VILI. fig. 30.) 

There is a worn fossil from Waipukurau, which, upon comparison 
with 3/. tricuspis, Hincks, turns out to bo of the same size, and cor- 
responds with it in the screen-like elevation, in both cases enclosing 
two tubes, as mentioned on page 5^). In the^ fossil, however, the 
slender lateral mandibles are wanting ; but there have been small 
and apparently nearly round avicularia near the base of the 
zooecia. 

39. Mucronella porosa, Hincks, var. minima, nov. (PI. VIII. 
fig. 31.) 

A fossil from Petane has the upper part of the zooccium thickened 
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and raised, and below this large pores on the surface of the zooecia. 
There is a raised suboral aviculariiim directed laterally, and some- 
times also a small round avicularium at the side of the aperture. 
Ovicell almost concealed in the zooecium above. The oral aperture 
is about 0*16 mm., whereas in recent specimens of M. porosa from 
Port Phillip it is 0-33 mm. 

40. Mucuonella (?) Ltveusidgei, T.-Woods. 

EscJiara JAvn'f^uhjei^ T.-Woods, Some Tcrt. Australian P 0 I 3 zoa, 
Eoy. Soc. of ISr.S.W. 1870, p. 3, figs, xi., xii., xiii. 

A fossil from Waipukurau has the proximal edge of the aperture 
nearl}^ straight, the distal rounded, and a little distance down the 
aperture there is a semicircular ridge which almost divides it into 
two parts. This, I believe, is the lower edge of the concealed 
ovicell, as we sometimes see it in Oelhiria. 

Just below the oral aperture there is a much raised protuberance, 
and on each, side of this a large semicircular pore ; below the pro- 
tuberance there is a large round pore, below which, again, there is 
usually a small one, which may be elongate. 

Loc. Possil ; Mount Gam bier ( TPoo^As*), AVaipukurau. 

41. Mfcronella eiemata, sp. nov. (PI. A^IT. fig. 20.) 

Zoariura adnate. Zomcia broadly ovate, distinct, raised, coarsely 
punctured over the entire surface. Orifice almost semicircular, with 
a scpiare tooth on the lower margin ; peristome forming a broad 
thickened border round the upper part of the orifice, and thickened 
at each side near the base. 

This differs from Fhylacttlla lahrosa, E., in having no raised 
peristome below the mouth. 

Loc. Possil ; Napier and A\’’aipukurau. 

42. Smtttia reticulata, MacG. 

A badly-preserved Smilikt from Whakati seems to he /S', reticulata. 

43. Smittia Landsborotii, Johnst. 

Lepralia Landshorovii, Johnst. Erit. Zooph. ed. 2, p. 310, pi. liv. 
fig. 9. 

Loc. Living : Arctic and Eritish seas, Mediterranean, Australia. 
Possil: liiver Murray Cliffs (Australia) ; Petane (New Zealand). 

44. Smittia BiiNCisA, AVaters, var. bicuspis, Hincks. 

Mucronella hicuspis, Hincks, Ann. & Mag. Nat. Hist. ser. 5 , 
vol. xi. p. 110 , pi. vii. fig. 2 . 

The fossil from Mount Gambier (Quart. Journ. Geol. Soc. xxxviii. 
p. 272 , pi. vii. fig. 1) has the avicularia more raised and has more 
large pores ; but I have a recent specimen from New Zealand with 
more pores than Mr. Hincks figured, and with the avicularia more 
raised. The denticle ranges from being deeply cleft to being 
expanded and nearly flat at the tip. 

In the important characters the two are unmistakably allied, 
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and it is with some hesitation that I make a variety of the New- 
Zealarid fossil and recent specimens. 

Loc, Living : New Zealand. Fossil : Waipukurau. 

45. Saiittia Napierii, Waters. 

Smittia Napierii^ Waters, Quart. Journ. Geol. Soc. vol. xxxix 
p. 438, pi. xii. tig. 14. i 

It has been thought that this was the Mucronella tricuspls of 
Ilincks (Ann. & Mag. N. Hist. ser. 5, vol. viii. p. 00, pi. iii. tig. 1), 
and at one time 1 concurred in this view, which was based upon 
the examination of a specimen which Mr. Hiricks himself had named 
M. tricuspifi) but having since found a recent tncusjjis from Port 
Phillip, Victoria, I sec tliat the}^ arc not identical. 

The recent S. Najneril has a solid shell, with large pores round 
the border ; the avicularian mucro is directed mostly forwards, that 
is towards the distal end, and below this there is a narrow bifid 
denticle. The oviccll is sometimes nearly concealed, and its presence 
is only revealed by a mucronate elevation, in other cases it is con- 
siderably raised and globose. 

The M, trienspis^ which has also been described as M. mynita, 
MacGiilivray (l)es-c. of New or Little-known Polyzoa, pt. 2, p. 136, 
pi. ii. fig. 10), has a very curious peristome which rises abruptly 
from the front of the zoaicium and is thick in consequence of being 
hollow, or rather having a tube on each side of the mucro. This 
has not been mentioned by Mr. Ilincks. Inside the peristome there 
is no denticle, but the proximal edge of the aperture is a straight 
plate. My si)cciinen is hyaline. 

Loc. Living: Port Phillip (Australia). Fossil: Waurn Ponds 
(Australia) ; Napier, Waipukurau ; Trig’s Station, Tanner’s Hun, N.Z. 

4G. PoRINA GRANUirORA, sp. iiov. (PI. YII. fig. 23.) 

Although the state of preservation of this fossil from Napier is so 
unsatisfactory that a full description of it is impossible, yet, if again 
found, it may, I think, be recognized. The i)eristome is much raised, 
hiding the nioiith, and there seems to have been a large avicularium 
on the summit at each side. In the centre of the zooecium there is 
a large round ])ore, and from this it would seem to belong to 
Giyantopora of Uidley. 

47. Lepralia Poissonii, And. (PI. YIII. fig. 37.) 

Flusira Pohsonii, Aud., Savigny, Descr. do I’Egypte, pi. x. fig. 5. 

Lepralia Ilincks, Ann. & Mag. Nat. Hist. ser. 5, 

vol. viii. p. 63, and vol. xv. p. 256. 

Lepralia setiyera.^ MacGiilivray (non Smitt), Trans. Hoy. Soc. 
Yictoiia, vol. xix. p. 133, pi. i. figs. 2, 3. 

Lepralia odontostonia, llss. Bry. Gist. Ung. Mioc. p. 16, pi. iv, 
fig. 8. 

Lepralia. Kirclienpaueri, var. iereSy Ilincks, Ann. & Mag. Nat. 
Hist. ser. 5, vol. vi. p. 77, pi. ix. figs. 7, 7«. 

This is a very common fossil from Waipukurau and corresponds in 
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size with recent specimens from New Zealand, in which the front 
surface is smooth, and the small smooth oviceU has a mucronate 
ridge down the centre. 

In recent specimens the spines do not occur in all zooecia nor in 
all specimens. The most spinous specimen that I have scon is one 
from Tahiti, in Miss Jelly’s collection. This is nearly related to 
Lepralia adpressa, and I still adhere to my opinion that L, Kirclien- 
paucri, Heller, is only L. ad}*ressa^ in which, as I pointed out and 
figured in my pajier on the Ilryozoa from Naples (Ann. & Mag. 
N. H. scr. 5, vol. iii. p. 42, pi. xv. fig. 13), there are sometimes 
‘‘lateral bosses.’’ The best figure of L. Kirchenpauiri in given by 
Manzoiii (Supp. alia Fauna dci Jlry. Medit. p. 8, tav. iii. fig. 3). 

The chai'acters of the oporcula of Z. Foissonii and L. appressa 
(figs. 37, 38) enable these to be readily distinguished, although 
also showing a near rclationshix>. In the fossil some cells have the 
central mucro very prominent and in others it is entirely absent. 

Loc. Living : Bass’s Straits, Tahiti and New Zealand (77.) ; Port 
Phillip Heads {MacG.^. Fossil: Na])icr and N. Harbour; Waipu- 
kurau, “ Whakati,” and Petanc; Shakespeare Cliff (New Zealand) ; 
Miocene ; Itauchstallbrunngraben, near Baden. 

48. Lepratja rectilineata, Hincks. (PI. VII. fig. 16 ; PI. VIII. 
figs. 34, 35, 36.) 

Lepralia rectilineata, Hincks, Ann. Mag. Nat. Hist. ser. 5, 
vol, si. p. 110, pi. vii. fig. .5. 

In a specimen from Wai])ukurau there is often a small ridge or 
boss at each side of the aperture, just below' wdiicli there are two 
small avicularia, usually near together. Where the aperture is con- 
tracted there is a curved denticle directed inwards, and there is a 
similar one in L. DorliuU, Kirchenpaner (MS.), from Naples. A 
specimen from Wanganui Ims large, elongate avicularia above the 
aperture, whereas there are none in the one from Waii:)ujvurau. 

Tho oviccll, which is not known in the rocoiji form, is raised, glo- 
bular, about half as wide as a zocecium. Oral aperturci 0*18 millim. 
at widest part. 

Loc. Living ; New Zealand. Fossil : Waipukurau, Wanganui, 
Napier. 

49. Lepealia iMBELLis, Busk. 

Uemeschara imhellis, Busk, Crag Polyzoa, p. 78, pi. iv. fig. 6, 
pi, X. fig. 7. 

Z’sr7^ampertoa,M. -Ed wards, “Obs. surlesFoss. du genre Eschare,” 
Ann. des Sc. Nat. ser. 2, vol. vi. p. 9, pi. x. fig. 3 ; S. Wood, Aim. 
Nat. Hist. vol. xiii. p. 16 ; Busk, Crag Polyzoa, p. 65, pi. x. fig. 2. 

As Lepralia perhisa, Esper, was described before Milne-Edwards 
published the present species, the specific name must be changed ; 
and seeing that Busk found it in the Crag, in both tho Eschara- and 
the Homeschara-stage, we can take his second name. The fossil from 
near Napier is adriate, and has elongate colls with large punctures 
over the surface. There are no ovicells on these fossils. Without 
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the avicularium this would be Lepralia delicatula, Manzoni (Bry. 
foss. Ital. Sof cont. p. 11, pi. iii. fig. 17). 

There are also fossils from Napier, Petane, and Tommy Gully, 
with shorter cells and large pores arranged in a more or less 
radiating manner, and in appearance and size much the same 
as Lepralia siriattila., llincks, which 1 think cannot he regarded 
as more than a variety of the present. In a specimen of recent 
L. striaiula sent me by Miss Jelly there are only two or three 
zocecia with avicularia at the side of the orifice. In none of the 
fossils do 1 find any, hut it is possible that some cells that are partly 
broken-down may have had such avicularia. A fossil from Waipu- 
kurau Gorge has ratli^T short cells with but few i)ores irregularly 
arranged. Close alli(?s are Ijepralia reijidaris, llss., L. circumornata^ 
Ilss., and L. mexjnlola^ Itss., from the Austrian Miocoiu', and the 
living L, Pallasiana and L. Esp. 

Log, Fossil: Crag, Hudbourne (Ji.- AI?. ) ; C. Crag (i?.) ; Zanclcan 
of Calabria (Ser/aexiza), Pliocene: Eametto (Sicily); Geraco, and 
Tend a del Prado (Calabria) (A. W, TP*.); Naiuer (N. Z.), and the 
short variety from Na])icr, Petane, Tommy Gully, and Waipukurau. 

50. Lepralia pertusa, Esper. 

CeU('j>or(t pert asa^ Esper, Pflanz. Cellcp. p. 140, pi. x. lig, 2. 

Lepralia perlma.! Busk, B. ^1. Cat. ]>. 80, id. Ixxviii. figs. 1 & 
(non 2), pi. Ixxix. tigs. 1,2; Sinitt, Floridan Bry. p. 55 ; llincks, 
Brit. Mar. Polyzoa, p. 2>05, pl. xliii. figs. 1, 5. 

Lepralia periitsct, var. rofjnidata. Waters, Ann. & Mag. Nat. Hist, 
ser. 5, vol. iii. p. J51. 

Lav. Living; European seas, Florida, Australia (?) ; New Zealand 
(?). Fossil: Muddy Creek ; Waurn Ponds (Austr.) ; Napier (N.Z.). 

51. Lepralia rostrioeea, Siii. (PI. VII. fig. 17.) 

Eseharclla rosirigera^ ISmitt, Floridan Bryozoa, p. 57, pl. x. figs. 
203-205. 

Lepralia rostrigera, Waters, Quart. Journ. Geol. Soc. vol. xli. 

p. 208. 

The specimen from Napier is larger than the recent Floridan ex- 
am]>les, or the I’ossil from the Hi ver- Murray Cliffs. It is adnate, 
and the zooecia are divided by raised lines ; the surface is punc- 
tured and granulated : the oral aperture is 0*22 millim., with an 
avicularium at each side of the aperture. There is a raised border 
round the aperture. 

This is allied to Lepralia ingenn^ Manzoni (Castrocaro, p. 25). 

Log. Living : Florida. Fossil : It. -Murray Cliffs (Australia) ; 
Napier (N. Zeal.). 

52. Lepralia longipora, MacGillivray. 

Lepralia longipora, MacGillivray, “ Hcscript, of New or Little- 
known Polyzoa,’^ pt. ii., Trans, lioy. Hoc. Viet. vol. xix. p. 135, 
pl. iii. fig. 18. 
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Uydicopora prcdonga^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xiv. p. 279, pi. ix, fig. 7. 

The fossil from Waipukurau has the upper part of the zooecium 
raised, giving a tubular appearance to the peristome. The surface 
is granular and has more punctures than are figured by MacGillivray. 
The ovicell is narrower than a zooecium. In Mucronella canalifera^ 
Busk, the peristome is much produced and the ovicell is smaller. 

Loc, Living : Port Phillip Heads (Victoria). Possil : Waipukurau 
and Trig’s Station. 

53. LErRALIA SEMILUNA, HsS., Var. SIMPLEX, nov. (PI. VII. fig. 19.) 
Eschara semiluna^ Rss. “ Die Foram. Anth. und Bry. des deutschen 

Septar.” p. 182 (OG), pi. vi. fig. 6, Denksclir. k.-k. Akad. Wisseusch. 
Wien, vol. xxv. 

A fossil from Napier is adnate. The zooecium is suboval, only 
slightly convex, with rather large pores. Oral aperture elongate, 
straight below and with the sides straight, curved above. Walls at 
the side of the aperture thickened, forming a kind of peristome. 
Above the aperture a nearly concealed ovicell with an oval cribri- 
form depression in the middle. 

I am unable to find any suboral avicularia, as described by Reuss, 
and therefore call it var. simplex. 

The species is described from SdUingen. 

54. Lepra L iA eoramtnigeea, Hincks. 

Lepralia foramimgera^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. xi. p. 109, pL vii. fig. 1. 

The fossil, though there are only the two upper openings, corre- 
sponds with recent specimens ; the oral aperture, in each case, is 
about 0’15 millim. in diameter, and the operculum has a character- 
istic hinge-projection on each side, which Mr. Hincks seems to have 
overlooked. 

Loc, Fossil ; Waipukurau. Living : New Zealand (//.) ; Napier 
(sp. sent by Miss Jdhj), 

55. Lepralia distata, sp. nov. (Woodcut, fig. 1.) 

Zoarium incrusting. Zooecia distinct, convex, surface perforated 
and mamillated. Oral aperture coarctato, with a small denticle at 
each side where the contraction takes place. Ovicell small, subim- 
mersed, about half the width of a zooecium, and the ovicelligerous 
cells have a very much wider oral aperture than the other zooecia 
and an extraordinarily thick louver lip. The zooecia and aperture 
are about the same size as those of L, Fallasiana, 

Loc. Waipukurau Gorge. 

56. PORELLA MARSUPIUM, MacG. 

Porella marsupium^ Waters, Quart. Journ. Geol. Soc. vol. xxxix. 

p. 437. 

Loo. Living: Victoria {MacG,)', Bass’s Straits {H.). Fossil: 
Waurn Ponds (Victoria); Waipukurau (New Zealand). 
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67, PORELLA MABSUPIXTM, Var. PORIFERA, Hixicks. 

Porella marsupium^ MacO., form porifera^ Hincks, 'Ann. & Mag. 
Nat. Hist. ser. 5, vol. xiii. p. 24, pi. iv. lig. 4. 

Loc, Living : Queen Charlotte Island, off British Columbia (LT.). 
Fossil: Waipukurau and Napier (New Zealand). 

58. Porella concinna, Busk. 

Porella concinna, Waters, Quart. Journ. Geol. Soc. vol. xxxviii. 
p. 271. 

An incrusting fossil from Tommy Gulty, Petane, has the avicu- 
larium much raised on a suboral prominence, and in this respect 
differs from the European types. The zooecia are divided by raised 
lines, and the surface has large pores. 

Loc. Living : European seas ; Bass’s Straits. Fossil : Mount 
Gambier ; Tommy Gully (Petane). 


Fig. 1. — Lepralia bistata. Waters., froyn Waipulciirau., 
JSetv Zealand, 



59. IIlPPOTHOA FLAGKLLUM, MaUZ. 

Ilippothoa jlagdlum., Manx. Bry. Foss. Ttal. 4a cont. p. 6, pi. i. 
fig. 5; Su])pl. alia Fauna dei Bry. Mcdit. 1« cont. p. 3; Bri. del 
Plioe. antic, di Castrocaro, p. 5, pi. i. fig. 14 ; Hincks, Ann. & 
Mag. Nat. Hist. 1877, vol. xx. p. 218 ; Brit. Mar. Polyzoa, ii. 293, 
pi. xliv. figs. 5-7 ; Busk, Chall. Hep. Polyzoa, p. 4, pi. xxxiii. fig. 7. 

Probably also Terehripora ramosa et irregularis, d’Orb. Voy. dans 
I’Amer. Merid. 

Loc, British seas and Medit. ; Singapore (^7.); Heard Island, 
75 fath.; New Zealand. Fossil: Pliocene of Italy and Sicily; 
Napier. 
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60. ScnizoroRELLA cibcinata, MacG. (PI. VIII. fig. 41.) 

Lepralia clrcinata^ MacG., Nat. Hist. Victoria, dec. iv. j). 21, 

pi. XXXV. fig. 1. 

SchizoporeJla cirdmita. Busk, ‘ Challenger’ Hop. of Polyzoa, j). 1()6, 
fig, 4(i ; Hineks, Ann. & Mag. Nat. Hist. sor. 5, vol. xv. p. 25^5, 
1 ) 1 . vii. fig. 1 . 

This is a common fossil from Waipukurau, and in size is just the 
same as recent specimens from Napier. The long spatulate avicii- 
larium, directed downwards, is usually present ; the oral apertnro 
(0*07 inillim. ) is about half the size of that of >S. Cecili}, Aud. 
Mr. Busk describes in both of these a movable appendage jointed to 
the operculum : hut neither of them is figured corr(‘ctly by him, as 
in aS^. Cecilii the appendage is a broad plate below the operculum, 
and docs not become iiarrow'er, as may be seen in the figure given 
in my paper “On the Use of the Opereula” &c. (Proc. Manch. Lit. 
& Phil. Soc. xviii. 1878, fig. 1), and in 8. cirnnata it becomes 
broader below; and this appendage separates very reodily from the 
rest of the operculum, so that it is difficult to prepare them out 
together. In both there is a small notch in llio proximal edge of 
the larger x>ieco of the ox)crculum, into which the appendage fits ; in 
/S^ circinafa it is very minute, but in S, Gevilrl is much more pro- 
nounced. It does not seem that this appendage is movable, but that 
an integument is attached both to it and to the ])r()ximal edg(^ of the 
operculum. In neither have 1 been able to find the minute fasci- 
culus of muscular fibres at the lower part of the ax>])eiidagc to wliioh 
Mr. Busk refers, aud such a structure would be very inexplicahh!. 

L(h\ Living: Victoria (ilTrtc 6^.) ; off Inaccessible Island, Tristan 
d’Aounlia (67/afZ/. ; Napier (iliiss »/.). Fossil: Waipukurau. 

61. 8CHIZOrOEKLLA AUEICCLATA, HaSS. 

Loc. Living : European aud Australian seas. Jh)ssil, Plioccue : 
Bruccoli (Sicilj^); Iteggio (Calabria); Mount (hirnbier and Bairns- 
dale (xlustralia) ; Napier and Tommy Gully (New Zealand). 

62. ScniizoroEKLLA liiDLEVi, MacG. 

8cliizopordla marsv]}imn, llidley, Zool. (V)1L made by il.M.S. 
* Alert,’ Proc. Zool. 8oc. 18S1, p, 48, x>L vi. fig. 6. 

8vliizopordla MacGillivray, Trans. Boy. 8oc. of Victoria, 

vol. xix. p. 191, pi. i. fig. 1. 

This is a very small species, 'with the apei’ture only 0*() millim. 
wide. In the fossil the prominent suboral avicularia cover a large 
part of the zo(ecium. 

This seems to be closely allied i-o N. auric tdata^ but is smaller. 
Mr. Hincks (Ann. & Mag. N. Hist. ser. 5, vol. xiii. j). 25) thinks that 
this is identical with 8, {Escharina) simplc.v, d’Orh. : but Mr. Quelch, 
who has since examined original s])ecimen8 of 8, RkUeyi, combats 
this (Ann. & Mag. N. Hist. ser. 5, vol. xiii. ]). 215). I am not quite 
convinced that this should not be united with 8, simplex, d’Orb. ; but 
as there is a doubt, it will be best to retain the other name. 
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hoc. Living; Elizabeth Island, 6 fath. (i2.) ; Yictoria {MacG,), 
Fossil : Waipukuran ; N'apier (?). 

63. ScHlZOPOKELLA MAESTJPIFERA, Busk. 

ScJlizoporella marsupifem^ Busk, ‘ChaEenger’ Beport on the 
Polyzoa, pt. XXX. p. 165, pi. xxii. fig. 14. 

SchhoporelJa llneolifera, Hincks, Aim. & Mag. JSTat. Hist. ser. 5, 
vol. xvii. ]3* pi. ix. fig 10. 

hoc. Living: Marion Island, 50-75 fath.; Station 167, off New 
Zealand, 150 fath. (7f.) : Adriatic (i/.); Port Jackson, Sydney 
(^1. W.), Fossil; Waipukuran. 

64. ScUlZOPOKELLA TUAPERTA, Mich. 

Eschara hiaperta, Mich. Icon. Zooph. p. 330, pi. Ixxix. fig. 3 (sec 
Hincks, Brit. Mar. Poly. j). 255, pi. xl. figs. 7-0); Waters, Ann. & 
Mag. Nat. Hist. scr. 5, vol. iii. p. 37, pi. xi. figs. 1 & 2. 

Loc. Living ; European seas, Florida, Madeira, Tartary, Columbia, 
New Zealand {A, W, W, colL), Bass’s Straits. Fossil: l)oue (Mio- 
cene) ; Crag ; Pliocene of Italy and Sicily ; Waipukuran. 

65. ScHIZOPORELLA CRIBRTLIFERA, Hincks. 

Schizoporella eribrilifera^ Hincks, Ann. & Mag. Nat. Hist. ser. 5, 
vol. XV. p. 250, pi. viii. fig. 5. 

The fossil from the Petane marls is adnatc, with the cells irre- 
gular, as in Oellepora, and the aperture deep down, of the same size 
and shape as in the recent species, but apparently without avicularia. 
Loc. Living : New Zealand. Fossil : Petane marls. 

66. Schizoporella clavula, Manz. 

Lepralia clavula,^ Mauzoiii, Bry. Foss. Itnl. cent. 3</, p. S, pi. ii. 
fig. y. 

In the fossil from Waijmkumu there are six spines ‘above the 
ai)erture, and the oviccll is small, erect, somewhat elongate. At one 
or both sides of the aperture there is a narrow aviculariuni directed 
distally, following the border of the aperture, and usually cuived. 
The surface has probably been papillated, but that cannot be made 
out with certainty. 

Loc. Fossil: Turin (Miocene); Waipukuran. 

67. Schizoporella conservata, Waters. (PI. YIl. fig. 21.) 

SiLizoporeUa conservata,W a ters. Quart. J ourn . Geol. Soc. vol . xxx vii . 
p. 340, pi. xviii. fig. 81, and Q. J. G. S, vol. xxxviii. p. 273, ])1. vii. 
fig. 7 ; Hincks, Ann. & Mag. Nat. Hist. ser. 5, vol. x. pl- vii. 

fig. 2, and vol. xiv. p. 281. 

Schizoporella insa/nis^ MacGillivray (non Hincks), Trans. Hoy. Soc. 
Yict. vol. xix. 1 ). 132, pi. ii. fig. 11. 

I could not for some time decide whether the fossils from Curdies 
Creek and Mount Gamhier, the recent forms from near Melhournt‘, 
and the fossil from Napier should be united under the same species, 
Q. J.a.S. No. 169. F 
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seeing that while certain important characters show that they are 
closely allied, in other points there are differences which may be 
varietaL The oral aperture of the New-Zealand fossil has a 
narrow sinus and is 0*2 millim. wide, which is larger than in 
the Australian fossils, but not so large as in the recent examples, 
in which it is 0*32 millim. wide and has a much larger and rounder 
sinus. 

In both the recent specimens and the New-Zealand fossil the 
ovicell is more concealed than in the fossil first described, and in 
both there is a row of pores round the flat central part inside the 
ridge. In fact, in one specimen from Napier the ovicell is quite on 
a level with the zooccium, and only the ridge and row of pores is 
visible. These pores are not menlloned by Mr. Hincks in his 
description, but occur in a recent specimen from Port Western. In 
the Napier fossil the avicularia are smaller and more raised than 
in the others, and there is usually onty one aviciiiariiim to a zoOBcinm ; 
the centre of the zoa^eium is plain with large ])ores round it, whereas 
in the recent examples there is no plain ])ortion, bni- ilicre is in one 
a ridge up the centre as first described. The ovi('ell of the New- 
Zealand fossil is so much concealed that I am not sure wliethcr there 
have been radiating lines on its walls. 

The afliriities and difl'erojicos of these three varieties, separated as 
the}" are in time and lo(;alil-y, are very interesting. 

Loc. Living: Port Phillip, Port Philli]) Heads, and Port. Western 
(Adelaide). Possil : Cnrdies Check (S.W. Australia), Mount (lambier 
(8. Australia), and Napier (New Zealand). 

68. SciiTzopoRELLA ojiLJOirA, (?) MacG. (Woodcut, fig. 2.) 

Escliara ohliqna^ MacG’illivray, Ansi r. Polyz., Trims. lh)y. Soc. Yict. 
vol. ix. p. 137 (1868) ; Zool. Yict. decade v. p. 31), jd. xlviii. fig. 1. 

An a dll ate specimen, from Waipukurau Gorge, has zoo'cia sur- 

Pig. 2. — 8chizoporelIa ohliqna (?), jM((cfG.^ from 
Waipul uruif^ Eciv Z(((latuL 



rounded by raised smooth lines, and also frequently a raised line 
across, or partly across, the zomcium below the aperture, and there 
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is sometimes at the side of the sinus a small suboral avicularium, 
so that the fossil differs in these two particulars from the typical 
S, obliqua. The sinus is very distinct, and the aperture almost 
meets above it. 

69. SceizopoRELLA ciNCTiPORA, flincks, var. personata, nov. (PI, 
YIII. fig. 28.) 

Zoarium adnate. Zooecia ovate, not much raised, divided by 
slightly raised lines ; surface reticulate, with large pores. Oral 
aperture rounded above, longer than broad, with a distinct sinus on 
the proximal edge ; on each side, below the aperture, on the border 
of tlie zooocia, an elongate protuberance; between these, below tho 
aperture, a small rounded avicularium. This differs from the recent 
forms in having the two lateral bosses. Biiice describing and figuring 
the first specimens, I have had another from Waipukurau Gorge, with 
ovicells, submitted to me. The two lateral bosses, in fully developed 
ovieelligerous cells, meet in front and form a bridge, as in Smittia 
jacohensls^ S. Lanchhorovti, yvlt. peraonata, Mlcroporella poltjiitomeJlay 
and iScliizoporella qjolifniorpha,!^. In the Waipukurau fossils there 
are no avieuLiria. Miss Jelly has a s])ecimen of this variety, recent, 
from jSew Zealand, gi‘owing in a cylindrical shape. 

Loc. Living: Kew Zealand. Lossil: Petune marls and Waipu- 
kurau. 

70. ScniZOPORELLA TTJDEROSA, RsS., Var. ANGUSTATA, llOV. (PI. VIII. 
fig. 20.) 

Type : Enchara fuhrrosa, Ilss. I)ie Foram. Anth. und Pry. des 
d. Septarieiit hones, Denkschr. Ak. Wissensch. Wien, vol. xxv. p. 188, 
pi. vi. figs. 9, 10, pi. viii. fig. 1. 

SchizoporelJa hltuvrhay Hincks, Ann. & Mag. !Nat. Hist. scr. 5, 
vol. xiv. p. 280, pi. ix. fig. 8. 

This occurs fossil from Waijmkurau, wilh a tubular zoarium, in 
the Ilemeseliara- stage. Zocecia indistinct, with few large pores. 
Oral ax)crture clithridiate, with a large broad triangular avicularium 
above the aperture on each side directed towards the ax^erture. Oral 
ax)erluro 0*17 millim. wide, 0-21 niillim. long. 

In mode of growth and general characters this resembles a recent 
8vMzoj)orelhi tuherosa from the 8emax)borc, Adelaide, with a large 
triangular avicularium, which is often much raised, above the aper- 
ture on each side, and with a large broad raised ovicell ; but in tliis 
the aperture is much larger and the sinus is broadly emarginate 
(see fig. 29). 

In the fossil we are reminded of LunuUtes incmiy II. (conieay 
MacCj.), and Schizoporella hiaperta. The tyxucal L, iuberosa also 
occurs recent in Potany Pay, N.S.W., in the Lepralia-stage. Mr, 
Hincks describes it from Port PhiPip Heads in a bilaminate stage. 

I have not seen any from Australia or New Zealand with the 
avicularia inarching, i. e, in the personata-fitagGy as in Pusk's 
Gepliyropliora polymorpha. 
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71. SCHIZOPORELLA HY ALINA, L. (PI. VTII. figS. 42, 43.) 

For synonyms, soe Hincks, Brit. Mar. Polj'Zoa, p. 271, and add 
Eschara anmdarh, Moll, Scerinde, p. 39, fig. 4. 

1 cannot agree with Mr. Busk in uniting this with Chorizoj>ora^ 
which has the xu’oximal edge ol‘ the oi)erculuiD straight, wiioreas in 
the ordinary zooecia of /S', hyalina there is a wide sinus, and it is 
only in the fertile cells that/ the proximal edge is nearly straight 
(see figs. 42, 43). Mr. Busk identified what we now know as 
Cltorizopora Bronyniartil, Aud., with Savigny s figure of Flmtra 
Bromjniariii ; and as this has been generally accepted it would not 
be advisable now to eliango the name, though I quite agree with 
Mr. Busk in doubting whether Bavigny’s figure was meant to 
represent the species. 

Loc. Living : Cosmopolitan. Fossil : English Crag ; Waipukurau 
and Tommy Gully, Trig’s Station (New Zealand). 

72. Ci:llepora albirostius, Sm. 

Cellepora alhirostris, Waters, (Juart. eTourn. Geol. Soc. vol. xli. 
p. 304. 

A specimen from Shakespeare Cliff has a free globular form, 
about (i millim. in diameter; two specimens from Napier are adnate 
on shell, while another is a large solid branching form. In none is 
the preservation very satisfactory, and no spines are seen, so that 
perhajis they should be called var. hastUy ra^ B. The ])roximal edge 
of the oral aperture is more curved than in my recent siiecimcns, 
and in this resijcct more resembles var. hastiyera, 

Loc. Living; Florida, 25-35 fath.; Sydney Shark Island, 

8 fath. (A. W.) ; Heard Island, 75 fath. (7J.); Adelaide (yi. W.). 
Fossil; liivor Murray (Australia), Napier and Wanganui (Now 
Zealand). 

73. CeLLEPORA TRIUENTIOITLATA, Husk. 

Ccllfpord trideni icdlaiff. Busk, Joiirii. Linn. Soe. vol. xv. p. 3-17 ; 
‘Challenger’ Rep. on Bolyzoa, p. 198, pi. xxix.' fig. 2), pi. xxxv. 
fig. 17 ; Waters, Quart. Journ. Geol. Soc. vol. xli. p, 300. 

The fossil fi’om Waipukurau is adnate, and shows the attachment 
of the two sjuncs ^x^ry dearly. 

Loc. Living: Cape York; Adelaide. Fossil: AldingrC : River- 
M array Clifis ; Yorke’s rcninsula (Australia) ; Waipukurau (New 
Zealand). 

74. Cellepora coronopus, S. W’^ood. 

For synonyms, sec Waters, Quart, .lourn. Geol. Soc. vol. xli. p. 302. 
A si)Ocimon from Napier occurs in a tliiek solid branching form. 
The minute characters are made out with difficulty. 

75. Cellepora costata, MacG, 

Cellepora costata., MacGillivray, Trans. B-. Soc. Yict. vol. ix. 1869, 
p. 136 ; Waters, Quart. Journ. Geol. Soc. vol. xli. p. 303. 

Cellepora f/lohularis^ Bronn, Leth. Geogn. ii. p. 877, pi. xxxv. 
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fig. 15, a, h ; K-euss, Fosb. Polyp, des W. Tertiarbeckens, p. 76 
pL ix. figs. 11-15 ; Reuss, Foss. Fauna Sfc. von Wieliczka, p. 94 ; 
Manzoni, Bri. foss. del Mioc. d’Aust. ed Ungh. p. 51, pi, i. fig. 2. 

Cellepora retma, Manzoni, Bri. del plioc. ant. di Castrocaro, p. 35, 
pi. V. fig. 59. 

Cellepora retusa^ Man/., var. caminata^ Waters, Ann. & Mag. Nat. 
Hist. ser. 5, vol. iii. p. 104, pi. xiii. fig. 1 . 

Cellepora rota^ MacGillivray, New or Little-known Polyzoa, pt. viii. 
p. 11, pi. iii. fig. 6. 

There are two adnate convex zoaria, fossil, from Napier, about 
12 millim. in diameter. In most zooecia the aperture is unarmed, 
though in a good many there is an avicularium at one side, and 
these cells exactly corresi)ond with Manzoni ’s figure of Cellepora 
(jlohalaris (1 Bri. Mioc. Aust. ling. p. 51, pi. i. lig. 2); there are, 
however, a few zooecia with an oral avicularium at each side. 

In some specimens of what I may call the typical (Ullepora c/lohu- 
laris^ which I collected from the Miocene of Nussdorf, near Vienna, 
there are nearly always two lateral oral avicidaria, Imt a few 
zooecia have only one, thus again corresponding with MsTizoni’s 
figure. When these Nussdorf specimens have the two aviciilaria, 
the appearance is just the same as in some cells of C, return^ 
var. emninata^ W., which^ however, more fre(pieutly has three 
a,vi(‘ularia. We are thus able to trac(5 the unbroken connexion 
between the New Zeahuid fossils, in which the aperture is nearly 
always unarmed, and the recent Naples form, in which there are 
usually three very proininonl- oral avicidaria. In all cases the oral 
aperture is deej) down in the peristome. 

1 have a recent si)ecimon from Port Phillij) Heads with long 
branches, seldom with oral avicularia, but when they occur the 
mandibles are semicircular. I had not at all recognized the simi- 
larity until I prepared out the oporcula, which are characteristic and 
correspond with the Naples specimens. The apertures are larger 
than those of the fossils, which measure about 0*0^ millim. In this 
Port-lMiillii)-Heads species there are large spatulatc avicularia. 

The connexion was thus inde]>endently traced up in the fossils by 
means of the oral avicidaria, and in the recent forms by the opercula 
and other chitinous organs. 

1 have been in doubt as to whether this should be called C. costata 
or (/lohidaris ; but as it is by means of direct comparison of typical 
specimens ratlier th;ui by the descriptions that 1 have worked up 
the synonymy, the name costata is retained. 

[jOC. Living: Wilson Promontory and QuoenscliflP, Victoria 
{MacG.)\ Port. Phillip Heads {MacG, ^ A, W. W,); Olonelg, S. 
Australia {A. W- W.); Naples ( H"). Fossil; Nussdorf (yl. W. W,) 
and numerous other Miocene localities of Austria and Hungaiy^ 
(Eeuss Manz,) ; Pliocene of Italy {Manz. ^ IV.) : Adelaide, Aus- 
tralia; Napier, New Zealand. 

76. Cellepoka decepta, sp. nov. (PI. VIII. fig. 33.) 

There are two unsatisfactorily preserved specimens from Napier. 
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The lower edge of the aperture is straight, the upper rounded (0*1 
nuilim, wide). There is an avicularium below the oral aperture, 
and the avicularian chamber is much raised, so that tho appearance 
of these is sometimes almost like ovicells. The ovicells are usually 
much concealed. Vicarious avicularia elongate, spatulate, scattered 
all over the colony. This is related to (7. pertusa and G. fossa. 

Cellepora. 

There is a cylindrical CeUepora from Napier with zooecia irregu- 
larly placed ; the oral aperture subrotundate with a wide sinus. 
There are numerous avicularia scattered about, some are very large, 
being the length of three or four zooecia ; the mandibular space is 
acute. It is distinguished from C. yarraensls^ Waters, by the shape 
of the aperture. 

77. Ehynchopora lobgirostris, Hincks. (PL YII. fig. 22.) 

Uliynchopora lonrjirostns^ Hincks, Ann. & Mag. Nat. Hist. scr. 5, 
vol. viii. p. 66, pi. iv. figs. 7, 8. 

Fossil, from Napier, adnate. Zooecia elongate, rising towards the 
mouth with a very long raised avicularian rostrum. On some zoa^cia 
there is a very narrow avicularium attached to the rostrum, with 
the mandible directed towards the proximal part of the zooecium. 
The oral aperture is suborbicular, with a wide round sinus. 

Ji}iyncl\o 2 ')ora Irlspxnosa is a most variable species, and when it has 
been properly worked up will prol)ably have the longest list of 
synonyms of any llryozoon, and my first impression was that the 
fossil belonged to that species. Being unable, however, to hnd any 
denticles, and all the cells being equal in size without the peristome 
rising on either side, I referred tho fossil to ISrhizoporella ; but 
receiving a recent specimen from Port Phillip, Australia, in Avhich 
the long rostrum was well dcvcloj)cd, with a lanceolate avicularium 
to almost every cell, and a slight deration of the peristome on each 
s/de, the species was again brought back to lihyneliopora. In the 
recent form I am able to see in one or two zooecia a small denticle, 
but cannot find one in most. This seems ' o be allied to Celhpora 
lonr/iroslris, Macd., and SchizoporelJa crypiostoma ^ MacG. 

Loc. Living : Curtis Island (£f.) ; Port I’hillip ( W.). Fossil : 
Napier. 

78. Luntjlites petaloibes, d'Orb. 

Lunulites petaloides, d’Orb., Waters, Quart. Journ. Geol. Soc. vol. 
xxxix. p. 442, pi. xii. fig. II a, h, c. 

There are several specimens from Shakespeare Cliff, Wanganui, 
and in these the number of vibracula is very variable ; they are often 
placed regularly for two or three rows, and in the rest of the colony 
scattered irregularly. The aperture is 0*4 millim. wide. 

I do not see any reason for changing the generic name which has 
now been used for so long and is so generally recognized, nor is 
any advantage apparent in the alteration to Lunar ia proposed by 
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Mr. Busk, and no one, however eminent, has authority to alter a 
well-established name. The genus, however, can only be looked upon 
as provisional, since it is almost entirely based on the mode of growth. 
This I have already shown to be unsatisfactory, and within the last 
few weeks have received from New South Wales a recent specimen 
of Flahellopora elegans^ d’Orb., which is either Lunulites ccmcellatus, 
Busk, or very closely allied to it. This grows in an irregular sub- 
crescentic form with two layers of zooecia separated by a cellular 
structure formed of avicularian cells. 

Loc. Possil : European Cretaceous, Miocene and Pliocene ; Mt. 
Gambier, Muddy Creek, Bird Bock (Australia) ; Napier and Wanganui 
(New Zealand). 

Besides the species discussed, there are some specimens of Retepora 
from near Napier, and a Caherea from W^ai2)ukurau which may be 
the C. crassvnaryinata of Busk. 

EXPLANATION OF PLATES VI.-VIII. 

Plate VI. 

Fig. 1. Mcmbranvpora Lmroixii^ Aud., var. grandU^ From Napier. 

2. annulus^ Manz. 

3. moiiostachga. J<^roTn Napier. 

4. Dimiorilii, AxiH, From Waipuknrau. 

5. aumdu.s, Maiiz. From tlio sanm sj>eeiinen as fig. 2. 

0. monosfucht/s. From t liesamcspeeiincn asfig. 3. From Napier. 

7. nohiiii<, Ess. From J^otane. 

8. Monoporella disjuuefa, Manz. From Napier. 

9. Mc7iibranipora annulm, Manz. 

10. nohilis, Ilss., with cells like ovalis. From Nayner. 

11. Monoporella ivaipuknrensia, 9j>. nov. From Waiy^ukurau. 

12. M' Vihranipora occiUtatay sp. iiov., fossil. From Napier. 

13. , recent. 

[14. Cancelled.] 

Plate YII. 

Fig. 15. Monoporella crassafma. Waters. Whakati. 

in, Lepralia rectilineata^ llincks. From Waiy)ukurau. 

17. rosfrigeru, Sm. FVem Napier. 

18. Memhraniporella niiida^ J. From Waij)ukiiraii. 

19. Lepralia sen?ilu7ia, rar. aiinplex, nov. From Napier. 

20. Mncroiu’lla Jirmala, sj>. nov. From Waiymkurau. 

21. Schi^oporclla conscrvula. Waters. Napier. 

22. Rhi/nchapora lojigirostrd, llincks. From Nayiier. 

23. Porina grandipora, sp. nov. From Nayner. 

24. Mucronella alvarcziana, 13., X 25. From Waipuknrau 

25. . X 85. Bilto. 

Plate VIII. 

Fig. 2(). Schitoporella tuherosa, Ess., var. angustata. From Napier. 

27. Micropora variperforata^ 8j>. nov. 

28. Schiz&porella cinctipora, II., var. personata. From Petane. 

29. tidterosa. Ess., recent. From Nay>ier. 

30. Mweronella trictispis, Hincks, var. ivaipukurensis ; front of cells 

broken down. 

31. Mucronella porosa, H., var. minima. From Petane. 

32. Memhranipora spinosa, Q. & G-. From Napier. 

33. Cellcpora decepta^ sp. nov. From Napier, 
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Fig. 34. Operculum of LepraUa rectilineataf X 85. 

35. Mandible of Lepralia rectilineata, x 250. 

36. , X 85. 

37. Operculum of LepraUa Pois.‘(oniif Aud., X 170. 

38. — ^ adpressa, B., X 1 70. 

30. MmioporeUa cape^isds, var. dmtata. From Napier. 

40. Operculum of Memibranipora occultata, sp. nov., X 250. 

41. Operculum of Schicroporclla circUiaia, MacQ-., X 170. 
42 & 43. Opercula of Schizoporella hyalina, L.^ X 170. 
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7. On the Dbh rs of the Vale of Clwyi) mul their Relation to the 
Caves amf Cave-depositb. Ry T. ^RKenny Heores, M.A., 
F.G.S., Woodwardian Professor of Geology, Cambridge. (Read 
November 17, 1880.) 

I Plate IX.] 

Part I. 

Jntroduciion. 

The qiiOBtions here involved are many and various, and their consider- 
ation carries us from one place to another over a very wide area. 

We cannot safely draw inferences as to the age and origin of any 
drifts on the borders of a mountain-land without, on the one hand, 
tracing it uj) to the source from which it was transported, to see 
whether wo can explain the distribution of the various kinds of 
material of which it is composed, and, on the other hand, following 
it as far as possible down over the lowlands, to see whether any 
succession of deposits or organic remains or evidence as to its former 
extent can be made to throw light on the conditions of the age in 
which it was distributed. 

And, seeing that most caves have been formed and filled during 
the age of accumulation of the various superficial deposits which 
we include under the name “drift,’' we cannot safely speculate 
upon the age or origin of the one set of phenomena without con- 
sidering all the evidence to be derived from the other also. 

Only in the hilly districts can 'wo find caves at all, and, generally, 
the more important occur along the outskirts of the high lands, 
where drifts of various character are apt to be found. The rela- 
tion of tho local drifts to tho caves may be of great interest if the 
exact place and age of those drifts have first been clearly made out. 

We must first therefore inquire wh(‘tber it is possible to estab- 
lish a local succession in the drifts ; whether the classification 
so suggested fits in with the conclusions arrived at in adjoining 
districts ; whether we can arrive at any connected liistory of the 
sequence of events connected with the caves consistent with all the 
information so gathered. 

Such are the questions I invite the Society to discuss with 
reference to a part of North Wales, and I propose to bring forward 
the evidence I have collected on the subject in the following 
manner : — 

A. The Drifts of the Yale of ClwfftL 

1. The Aronig Drift. 

2. The 8t. Asaph Drift. 

3. Tho Surface-drift. 

R. The Caves of the Vale of Chvyd. 

1 . The Caves. 

2. The Cave-deposits. 
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Part II. 

The Arenig Drift, 

Any one standing on Arenig or Llyfnant and looking round over 
the wide expanse of unenclosed moorland, would see at a glance that 
there, to the west, was a basin in which, under somewhat different 
conditions, snow might collect to any depth and, compacted into ice, 
crush its way out towards Bala between the two Arenigs and over 
the col between Llyfnant and Arenig Mawr, towards the head of 
Bala lake. There, to the north, was an area on which neves would 
be formed of the snow that was blown from the crags of Snowdon 
or Moel Siabod, or manj^ another glorious peak. There is the 
w^estern sea stretching away bo 3 "ond the mountains of Harlech, and 
feeding with moisture the jwevalent south-west wind, which keeps 
the hill-sides for ever damp, and at Blaenau Ffestiniog, as I was 
informed by Mr. J. II. Williams, throws down yearW 1^13 inches of 
rain. The dark southern end of the valley west of Arenig still 
holds the winter s snow in its deep shadow far through the summer, 
and has in consequence the name of Twll-jT-eira, “the hole of 
the snow.’^ The long esgair-liko ridges running down from it are 
probably due to the torrents diverted by the snow. 

Push the mountains up till the moisture that fell should all fall 
as snow, and the summer’s sun should ejuite fail to undo the winters 
frost, then fhe neve must form there, and glacier-ice must tiow 
from the Arenigs and Siabod, from Snowdon and the Carneddau. 

But wo are not left to mere speculation on this point. Over 
the col and along the east slo])es of Llyfnant the glacial striie are 
still seen running south. Thc}'^ score the rock in long east; and 
west furrows on the rounded shoulders of Arenig Mawr above 
Milltirgerig. 

Hero and there, in some deep hollow, the remains of the old drift 
is still seen, and a few scratched stones are found in the fine imtty- 
like felspathic mud worn as the flour of rock in and under the ice 
from the volcanic ashes that there abound. An exam])le of this 
drift is seen in the hollow scooped out in the soft Uraptolite-bearing 
shale east of Maengrugog. 

Also we see whence the boulders came that lie scattered over 
all the region to the east. Under every precipice of ash and various 
porphyritic rock there is a talus formed of ejiormous blocks fallen 
from the cliffs above. These arc mostly well-marked rocks which 
do not occur again in place among the formations further east. 

So we can trace this drift by its boulders and fine felspathic mud 
and small variety of rock up to the valleys of the Dee and Clwyd 
and far beyond. 

As we travel east the fragments from the rocks of Arenig and its 
surrounding district become, of course, less conspicuous compared 
with the material that the ice has gathered on its way ; but all 
the material has been transported from the west — all from the 
rocks of Wales — and the striations on the solid rock agree vrith 
this. We have already noticed how the grooves ran round the 
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shoulders of Arenig and pointed to the east. Down into the 
valley of the Dee between Corwen and Bala ; up the steep slope 
of the Berwyns, as shown by the east and west striae south of Nant- 
caweddau ; hill after hill bears traces of the passage of the ice in 
that direction. There must have been some barrier on the north, 
perhaps the foot of a great ice-sheet from Scotland and the Lakes, 
so that the Welsh ice crushed its way eastward over hill and dale, 
ignoring all the highest ranges in its course, down into the Yale of 
Clwyd, scoring the limestone rocks at Cefn, as seen in the road- 
cutting behind the stable-yard ; then up over the high hills form- 
ing the northern end of the Clwydian Range, as seen on the top of 
the hill S.E. of Cvvm ; across the Hope Mountain and Mincra ; all 
the striatioiis running roughly east. No icebergs coming from the 
west can have grounded behind Cefn. All the evidence points to 
land-ice as the agent to which we must refer these striae on the 
solid rock. 

Along the Clwydian Range huge blocks of the volcanic rocks of 
Arcnig are common. A group is seen by the cottages above the 
Grove near Bodfari. One enormous boulder lies at the junction of 
the highest mountain-fences N.W, of Mod Rammau. 

The more nortlicrn portion of the drift, derived from tlio Snowdon 
rather than the Arenig area, might perhaps bo distinguivshed. There 
seems to be a difference between the older drift near (he north coast 
and that a little further south ; but all comes from the west. 

The Avestern drift, I think, is seen in the dee]> sections which the 
Elwy has cut into the hill-sides above Dolbcn, and especially at the 
bend in the river near J)ol, where landsli})8 have, howevcir, some- 
what complicated the section, bringing down some newer drifts 
which lay ii])ou it higher np the slope. 

One section gave the following succession : — 

Fig. 1. — Diagram-Section seen at hend of River Elv)g^ near Dol, 



h j- Masses slipped from above. 

c. Botldish boulder-clay, resting, with a very irregular line of junction, on d, 
(Northern or St. Asaph drift.) 

d. Blue-grey boulder-clay. (Western Drift.) 

The newer drifts rest with a very irregular lipe of junction on an 
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old blue-grey clay with boulders, aU from the Welsh rocks to the 
west. 

In the Vale of Clwyd the denudation which out down through 
the soft or easily undermined strata of the St. Asaph (or Northern) 
Drift seems to have been often arrested when it reached the stiff 
tough older clay which wo have called the Areni^ (or Western) 
Drift. 

At the bottom of the cliff beyond Brynclwy, near St. Asaph, where 
the river had removed the debris from the landslips, a dark blue 
clay, with boulders of Welsh rocks only, used sometimes to be 
exposed ; and below the Mount, nearer St. Asaph, the section by the 
river oftim shows a similar dark blue boulder-clay overlain irregu- 
larly by the Marine Sandy Drift (see Section, fig. p. <S1). The 
top of this blue boulder-clay is remanie, as in the Colwyn Sections, 
only that in the EDvy the remanie surface of the old drift is a 
boulder-ela)’, while at (blwyn,in the section next to bo described, it 
is a sandy clay. 

Along the coast in (;olwyn Bay a similar dark blue clay full of 
scratched stones, all of which are from Welsh rocks, is exposed 
hero and there. For instance, at the base of the cliff .about 200 
yards N.W. of the Bath House at Aborrhyd, where the following 
section (fig. 2) may be seen : — 

Fig. 2 . — Section fieen In Sea -cliff, ahovt 200 tfards A". IF. of Bath 
IJome, Aherrliyd, Colivyn Bay, (Scale HO feet to J inch). 



(I c 


a. Chooolatn-red clay, with boulders; some scratches. 
h. Sand. 

c. Yellow laminated sandy clay. 

d. Blue clay, with many scratched Btones. 

d represents the older clay left b)^ the ice from the great snowy 
region to the w'est, which crept downwards from the central 
gathering-ground, and probably at one time levelled up much of the 
low-ridg(id country on the borders of the mountain land. In this 
no trace of organism has ever been found, except, of course, the 
fossils in the fragments transported from the older rocks. 

Changing somewhat locally according to the source from which 
it is derived, it still has much in common wherever it occurs ; but its 
chief character is this, that in the district under examination it 
contains only material from Welsh mountains in the west. 

This, then, is the oldest drift I know of in the Vale of Clwyd. 
Call it for local purposes the Arenig Drift, the Western Drift, the 
Hnowdon Drift, the Great Ice Drift, the Older Drift. 

I deprecate the use of the name “ Boulder-clay ” as a technical 
term for any subdivision of the series. As a descriptive term for any 
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clay witli boulders in it, it is required for current language. So the 
word drift is required for common use in the sense of transported 
superficial deposits not being volcanic ejectamenta, or rock decom- 
posed in place, or otherwise included by more strict definition. 

What seems certain is that, starting in the Arenig district, we 
find an ancient boulder-clay which contains no fragments from any 
other district, and no trace of marine action, but follows the tracks 
of the land-ice away to the east. \ATiether wo are right in referring 
to the same age and origin certain isolated i)atches of bouldcr-clay 
which occur at the base of all the marine drifts of the north-east of 
Wales and its borders, is another question ; but it si'oms to mo that 
there is a strong d priori reason for expecting that such patches 
should he left here and there, and much evidence that tln^y have 
been detected in some cases. Besides the sc'ctions described above % 
in which there seems reason to suspect its existence, 1 may appeal 
to the puhlications of many other observers for the occurrence of 
an older, probablj^ land -ice drift, underlying the marine drifts of the 
same or adjoining districts. Bee : — 

Eytox. Gcol. Mag. voL v. p. 8-19. 

Hall. Geol. Mag. vol. vii. p. 509. 

MAcKiNTOsn. Geol. Mag, vol. ix. p. 15: Quart. Jouiii. (* col. Soc. 
vol. xxix. (1878) j). 855, footnote; vol. xxxiii. (1877) ]>. 788. 

Mellard Heade. Quart. Journ. Geol. Soc. vol. xxx. p. 27 ; 
vol. xxxix. p. 88 ; vol. xli. p. 102. 

1)e llAKfCE. Troo. Geol. Assoc, vol. iv. p. 221 . 

Strauan. Mem. Geol. Survey, “Geology of the coasts adjoining 
Ilhj'l, Abergele, and Oolwyn; ” (iuart. Journ. Geol. Soc, 
vol. xlii. (1886), pj). 86, 87. 

This drift cannot be traced continuously to the east or north 
into the drifts of which the succession, local or general, has been 
made out. W e follow it to the margin of the Cheshire ]>lains ; but 
where it ended is not so clear. It is everywhere covered by newer 
deposits over tlie lo’w ground around the mountaiii-grou]) from 
which it came. Mr. ackin tosh has traced what he considers to bo 
the “junction of the xlrenig felstone and Eskdalo granite dis- 
persions’’ along the hills north of Llangollen (Quart. Journ. Geol. 
Soc. vol. XXXV, 1879, p. 425; vol. xxxvii. 1881, p. 861); and 
Mr. Scarles Wood, chiefly from the evidence collected by Mr. Mackin- 
tosh, believed that the Arenig ice terminated somewhere along that 
line {i()uL footnote). But whether left by the Arenig ice at an 
earlier stage of furtlK 3 r eastward extension, or derived from its 
terminal boulder-clays during the ])eriod of submergence, there is 
no doubt that the Arenig rocks occur in the drifts far over central 
England. 

It is difficult to correlate land- ice drift with marine. IMoreover the 
oldest drifts of East Anglia show such a x>rei)onderance of northern 
material that we must siipjjosc that, although wo may find tlierc 
drift of approximately the same age, it belongs to a different ice- 
stream. How the various parts of such a sheet turn round the hills, 
cross, overlap, and, in the greater strength of one or other mass, 
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predominate, may be seen in the beautifully clear view of the 
Greenland ice given in the iteport of the Danish Commission 
(Meddelelser om Grdnland, Heft 1 : Copenhagen, 1879). 

What is a well-established generalization from the examination 
of the drifts of Eastern England, and bears upon the question now 
before us, is that there are along the eastern coasts two quite distinct 
stages — an earlier stage, in which there is more evidence of the 
direct action of ice, though the deposits are marine like those of 
later date, and these older drifts contain an Arctic fauna ; and a 
later stage, also marine, resembling the boulder-clay from which it 
is chiefly derived, but containing few northern forms of life and no 
evidence of glacial conditions prevailing near. 

See also : — 

Seakles Wood. Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p. 516 ; 
vol. xxxviii. 1882, p. 707. 

Geikie, J. ‘ Tlic Great Ice Age,’ 1877, pp. 366-381 ; ‘ Prehistoric 
Europe,' 1881, p. 264. 

Seaeles Wool). Geol. Mag. dec. 2, vol. v. p. 15. 

A type of the older drift with Arctic shells, perhaps the marine 
equivalent of the A renig drift, may, I think, bo seen at Dimlington 
and Bridlington (see references below, x)p. 01, 02). 

Other examples might be quoted, for instance the Arctic shells 
found by Brown in the drift at Elie, in Pile, and Errol, in Perth, 
which, according to Otto Torcll, Avere the same as those now^ living 
in front of the Gn'at Glacier at 8j)ilzhergen. (Browm, Kev. Thus., 
Trans. B. 8oc, Edinh. a^oI. xxiv. p. 627.) 

In such investigations avc arc continually met by the great difli- 
cult)’ of determining Avhetber a drift is not re-made in some Avay or 
another, and whether scratched stones and sliells may not haA’c been 
derived from older deposits. (See also, Kinalian, Geol. Mag. dec. 2, 
vol. i. “ Glacialoid or Be-arranged Drift;" ^Mellard Beadc, Proc. 
Liverpool Geol. Soc. 1873-74, y. 50, “ Tidal Action as a Geological 
Cause.") 

Some have suggested that the sliell-hearing drifts of North "Wales 
re])resent portions of the sea-hottom thrust fo^A^'ard by the iee-foot 
and pushed uj) the flanks of the mountains till, on the melting of 
the ice, they settled dow^n where they noAv lie. llicro seems to he 
no doubt that such transpoi t of frozen masses uj)hill and the coining 
to the surface of matter in glacier-ice does occur. It is analogous 
to the travelling of boulders across valleys and uphill in glacier-ice, 
as suggested years ago by Mr. Goodchild in exidanation of some of 
the phenomena of the Lake-district (Geol. Mag. dec. 2, a"o 1. ii. 1874 ; 
Quart. tTourn. Geol. 8oc. a’oI. xxxi. 1875, j). 55), and more generally 
by Prof. James Geikie (Trans. Geol. 8oc. Glasgow^ vol. iv. 1874, 
p. 235, in the ‘ Scottish I^aturalist,' and in his paper “ On the Inter- 
crossing of Erratics "). Professor Carvill Lewis refers the shell- 
bearing deposits of North Wales to the terminal moraine of a mass 
of land-ice, which carried granite from Scotland and shells and flint 
from the bed of the Irish Sea (Brit. Assoc. 1886 ; Geol. Mag. dec. 3, 
vol. iv. 1887, p. 29). 1 think, i)erhai)s, he would make an exception 
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in the case of the lower-level sands such as those of the Yale of Clwyd ; 
but this distinction would be difficult to maintain, and the manner 
of occurrence of the North-Wales Marine drift along well-defined 
terraces and with current-bedding and horizontal stratification 
bearing a definite relation to the physical geography of each district 
renders this explanation improbable in that case. Besides, the 
character of the shells is not consistent with the idea of such extreme 
glacial conditions. The Moel Tryfan deposit, as pointed out by 
Gwyn Jeffreys (Quart. Journ. Geol. Soc. vol. xxxvi. 1880, p. 355), 
is not strictly glacial ; the fauna has a Norwegian rather than an 
Arctic facies. 

Bo, again, in the case of the marine drifts of the plains of Cheshire 
and Lancashire, Bhone draws attention to the mixture of forms 
(Quart. Journ. Geol. Boc. vol. xxxiv. 1878), and suggests in expla- 
nation that the Bcandiu avian shells in the sands and gravels wore 
derived from an older Boulder-clay (p. 389). Even in the case of 
the clay-drift, which he thinks was dropped in quiet deep water, ho 
shoves that many of the shells must have been carried into it from 
a sandy shore, and explains this (p. 388) by reference to existing 
conditions in the estuary of the Deo, whore shells with sand in 
them now get carried out by thin shore-ice into deeper water. In 
this case it is clear that scratched boulders of granite &c. from the 
northern land-ice drift must get dropped into the same clayey 
deposit without having their stria) obliterated by being rolled along 
a shingly sliorc. 

Bearing all this in mind, we may now pass on to consider the 
second division of the drifts of the Vale of Clwyd, a stage in which 
the deposits were derived in part from the old western drifts above 
described, and also in part from the bonldor-clays which wore 
formed at. the end of the ice from the Lake-district, and trom the 
shingle which travelled along the shore from the flint-hearing drills 
of other areas. 


Paiit ] II. 

The St. Asaph Drift. 

In a paper read before the Chester Society of Natural Science in 
1880^ I spoke of this as the Clwydian Drift; hnt as fuither sub- 
divisions seem to he already possible, I now use the name Bt. Asa])h 
Drift as more precise for the siratilied beds on which the Cathedral 
of Bt. Asaph stands. It might be called the Sea'Clrift^ being the only 
drift in the vale which we know to have been of marine origin ; or 
we might speak of it as the JSewer Drift, to distinguish it from that 
older deposit on which it rests irregularly wherever the two are 
found together, and which, on other evidence, seems to belong to a 
previous state of things. It might be referred to as the A'orthern 
Drift, seeing that in it we find for the first time in the history of the 
vale fragments of noi thern origin. 

Proc. Chester Soc. Nat. Sci. no. 3 (1884) 
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This drift belongs to a period of submergence of which there is 
other evidence all round the coast of Wales. Hence it is clear tliat 
we must divide it into two stages, the deposits of the submergence 
and those of the emergence. There must have been the waste along 
the shore of the encroaching sea as the land subsided, and the further 
down the valleys sunk the safer from further denudation was the 
debris swept into the deeper parts. There must have been shingly 
shores and cliffs of boulder- clay of the Arenig Drift, along which 
landslips took place, and the clay, not always broken up, and the 
included stones, not always rolled, settled down into the fjords. 
Bound the shore there would be a shingly beach. 

Then there was the period of emergence, when the land rose to 
where we have it now. This was, of course, a time of greater waste 
and deotruction, when the soft, newly- foiined beds were lifted up to 
the level of the wind-waves, or, if they survived the lash of the 
waves, were raised out of the sea to be acted upon by the summer 
sun and winter’s frost — by the torrents of rain and the mountain- 
streams. 

So we must expect to find along the margin of the valley more 
sand and gravel, and towards the centre more clay. 

Now, to examine the sections in the drifts of these stages, 
I will take them in an order convenient for my puri)Ose of corre- 
lation, first giving the most typical and clearly Jiiade out, and then 
following them, as suggested by the particular points of variation 
which I am endeavouring to explain. 

The river Elw'y, whezi it has once turned north after breaking out 
of the gorge uuder the Cefn rocks, generally clings rather to the 
eastern side of the valley till it joins the Cl\\'yd at Ithydyddaudwr, 
above Bhuddlan. 

Down as far as Pontyralltgoch it cuts into stained Carboniferous 
rocks capped by drift ; but soon the solid rock drops out of sight, 
and tho river washes the base a slippery slope of cla}" and sand, as 
seen where it cuts into the stec)> bank south of Drynelwy. 

The greater part (d* I ho drift seen in this section must be referred 
to the 8t. Asa,])h Drift. The dark-blue boulder-clay sometimes ex- 
posed at the base near the north end may be, as we have said alzove 
(p. 70), the old Arenitj Ur if L A mass of gra\el and sand at the 
top, w^hich may bo the gravel of the shore during emergence, is 
brought against the red clay by an ancient settlement, the exact 
amount and direction of which is obscured by subsequent slijzpings 
of the face of the cliff ; but they both belong to the same set of 
deposits f and contain the same remains. 

In the wood, less than 100 yards to tho south, more clay is seen, 
but the lower part of the section there is obscured by talus and 
overgrown. 

TBe upi)cr sand and gravel is generally grey ; tho clay is red. 
Lower down the valley, about ^ mile south of the Palace of Ht. Asaidi, 
a similar dark-red clay with boulders rests upon sharx) red sand, as if 
derived largely from New Bed Sandstone. North of the city, just 
below the Mount, another section through the St. Asaph drift is 
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g^enemlly woll cxj)Osod, being kept clear of talus by the river, which 
swoops the foot of the cliff. (See section, fig. S.) 

Here bands of reddish clay occur within the mass, and a red 
bouldor-cla}' comes on above on the east and south. 

It is excavated for brickmaking near the railway, a little north of 
the station of 8t. Asaph, and again close to the line whore the rail- 
way crosses the road to Llanerch farm-buildings. This clay seems 
to thicken to the south. In the woll at Llanerch it was proved to 
37 feet 0 inches : while atMaeselwy, in the well, it was found to be 
54 feet 10 inches in thickness. The boulders were chiefly at the 
base. 

Pig. 3 . — Section seen in East Banlc of the Elwy below the Mounts 
Si, Ajsajf)h. (Scale 80 feet to 1 inch.) 



a. Sui'i’aco wash. 

b. Altc'rnalioas of sand, with brown or red clny and loam ; varkss much from 
yoar to year, as the river cuts ]>aek the dilf. The middle part is, in g(3iieral, 
distinctly banckd witli even-beddod sand and loam ; contains Hint, granite, and 
sca-sliclls ; scratched st ones not common, 

c. JJlue clay, with many scratched stones; all from Welsli hills (except some 
stones from b, which have got into the to]) puddled and re-sorted ])art). 

On the eastern side of the tongue of drift that parts tho Clwyd 
and tho Elwy at St. Asaph, opposite Eronwylfa, on the south, there 
is a pit showing a similar section in the St. Asa]3h Drift. Here it 
is chiefly sand, for which the pit was dug. I have found a few 
fragmentary sea-shells in it. 

Oji the west side also of the valley a similar drift is seen. In tho 
road-cutting opposite Y lioe there is a rod clay with shells and 
boulders. Up tho road towards Wigfair Uchaf red sand and clay is 
excavated bore and tliore. East of Plynonfair Chapel, just l>elow 
tho bend of the road wliero it leaves the cliff‘, and about ^ mile south 
of Glanllyri, there is a section, the upxxjr part, at least, of which must 
be referred to the 8t. Asaph Drift. 

On top in the road-cutting there is a kind of rain-wash brick-eartli ft. in. 


full of nests of wild bees 8 0 

Below this is a reddish boulder-clay 25 0 

which rests on a red sand 25 0 

and that on greyish boulder-clay, some stained rod ? 35 0 

Q. J. G. S. No. *169, a 
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It is about 50 feet from this to the bottom of the valley, but the 
whole section, though changing from year to year, is generally much 
obscured by slips and talus, especially towards the base, so that 1 
could not make out whether there was rock at the bottom of the 
section here. It does occur at this level on the other side of the 
valley. 

These sections show that we have a variable deposit of gravel 
and sand and boulder-clay ; and we must now examine in greater 
detail the constituents and general characters of the beds before we 
carry our identification further. There seems to be occasionally a 
surface-gra^'el, coarse and grey, the result of the winnowing of the 
St. Asaph Drift during the emergence : but the highest beds, espe- 
cially along the central part of the valley, general^ consist of red 
boulder-clay, the middle of sands and gravel, with subordinate clay 
and loam, the bottom of re-sorted boulder-clay or sand resting on the 
old blue boulder-clay, some of which, at any rate, seems to belong 
to the more ancient western land-ice drift. 

Again we notice two distinct groups of included fragments — one 
consisting entirely of those with which we have become familiar in 
the Arenig or ice-drift. These are sinncis from the far-off mountains 
of Wales, and others which the ice carried from much nearer to 
whore they now lie. Where they have been dro])pcd into clay the 
scratched stones retain their strim ; W'hore they occur in gravel the 
scratched stones arc inre, and only “ the ghosts of scratches can 
bo seen. 

But there is another grou]> of rocks, none of whioli are f^cratclied. 
Among these there are many which do not occur in place in Wales 
at all. They are in form and surface like the stones found on any 
beach. 

The characteristic rocks tire Scotch and Lake-distric,t graniti; tind 
other igneous rocks and flints. This is true clialk-fiint, not chert 
from Clarhoniferous rocks, of w^hich there is also some, tliougli rim ) ; 
for the pj'incipal chert- beai’ing strata had by this timii been removed 
from the country west of the Ytile of Clw} d. These all occur both 
in the gravels and the u])pcr cla} s. 

In the south part of Die section, near Brynehvy, i have found an 
angular fragment of one of the scratched boulders buried, in the clay. 
^Jliis bonlder had probably been cxiiosod in some i)]’eexisting cliff of 
boulder-clay, had been shattered by frost or sun or fall, and one bit 
had dropped unrolled into the de])th below, where it was buried in 
the mud and pi’escrved from further injury. Thus it retained the 
sharp fraci iired edges, and also one face, which liad formed part of the 
surface of the ice- scratched block. This, 1 take it, avus a stone out 
of a cliff of the old Aj’onig ice-drift, wliich was washed by the sea 
in the submergence during which fhe, Ht. Asaph Drift was formed. 

I have found also in the sand and gravel of tho same section 
clay-balls, containing inside onty fragments of Welsh rocks, but 
with pebbles of the gravel stuck all over the outside, just as I have 
se cn balls of ailu\ial clay or older boulder-clays rolled on the shore 
near Prestatyn, or Ponsarn, or Colwyn, or near Penrhos in Anglesey, 
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all similarly sl-udded over with pebbles, which have stuck to the 
moistened, softened outside of the clay-balls as they rolled along. 

At the time of the formation of the 8t. Asaph Drift the nearest 
cliffs of boulder-clay were the masses of western land-ice drift, in 
which the material was all from the west. All the scratched stones 
were oiit of that, and tbcrefoni from the west. I'bei-e wcto other cliffs 
of boulder-clay to the north and east, from which northern boulders 
fell into the sea and drifted along the shore ; but the ])e])l)les Ironi 
them had a long journey by all sorts of conveyances ladbre they 
reached the Yale of (Jlwyd and their glacial ])olisli and grooving was 
all worn away. 

Of course, the distinction founded upon the occurrence of north- 
country granites and Hint is on!}' local. The nortli-country land-ice 
drift contains the granites and other rocks of that- country striated, 
and the older bonlder-clays of the cast of England are full of flints 
and other chalk debris. Jiut in the Vale of Clwyd these occur in the 
newer marine drifts only. 

AVe arc not, however, dependent on such evidence alone to prove 
that tlieso deposits are the result of the action of the sea.. Shells are 
not uncommon; They are goiierally fragiYientfiry, it is tnu*, just like 
th(' shells thrown up in the sand and gravel of the North Whdsh coast 
to-day : hut. they are, many of them at least, determinable, and I 
have made a small collection in the river-hanks described above, close 
to St. Asaph. 

Thc}^ were origiTially determined forme by the late Searlcs AVood, 
and have been since seen by many good authorities. The list I have 
given in column I. in the tabl(% ]). 93. 

So the evidence goes to show that here Ave have a marine de]) 08 it 
much lik(5 that which is being formed in many idaces on the North 
AV^elsh coast at the ]U*oseiii time, avIku'c banks of drift and clay of 
various age are being wasted by fhe waves. TIkua) seems to bo no 
necessity for supposing that glacial conditions still priwailcd. Tlie 
forms of life are not Arctic. None of the stones ])(‘Culiar to i ho d(‘posit 
are glaciated : only those dcjiAa'd from tin; Welsh hills are striated, 
and they were ])rol)ably waslied out of the old A renig icc-diift. 

If it is asked, how, then, did the boulders from the north get trans- 
ported to the Yale of Clwyd? 1 would reply that many may have 
travelled south ou ice wluai the northern ice abutted against, the ice- 
bound slior(‘. of North Wales, but they Avere not then carried into the 
A^ale of Clwyd. They came there and along the coast Avith the shore- 
shingle, as did the flints, which cannot haA%' come from the same 
country as the granib's. We may expect to find, somewhere further 
north, patches of the old north-country boulder-clay Avith the granite 
blocks in it scored by ice. But when they and the flints were tra- 
velling along the shor<i as shingle all the original striae Avere removed. 

In following the Aronig Drift t(» the margin of tlie (flieshire plains 
we arc, of course, tracing it to what may havu been always, and must 
have been for a long time, its extreme limit. Therefore it is not 
strange to find that there is a larger proportion of northern forms 
among the shells found in the drifts of Cheshire and Lancashire. 
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IliP. Hhmio, in hk excellent paper (Quart, Journ. Geol. Soo. vol. 
JPDcnr. 1878, p. 384) On the Glacial Deposits of West Cheshire, 
together with lists of the Fauna found in the Drift of Cheshire and 
adjoining Counties, ^ discusses the difficulty of explaining the mixture 
of northern and southern forms in the dritt. He says (p. 389) that it 
k more than probable that the Scandinavian shells of the Middle 
Bands and Gravels have been derived from the Lower Eoiilder- 
eiay ; and again, after pointing out that the Upper Bonlder-day 
rests ujKui an irregular suifaco of the Middle Sands and Gravels, he 
says, ‘^what, therefore, more likely than that the southern forms, 
which are very rare in the Upper Boulder-elay, should have been 
derived from tlu* M iddie Sands ? I would only go a littlo further in 
the same direction, and ask whether the rpi>er Boulder-clay may 
not have bwn derived, together with its Scandinariau shells, from an 
earlier Bouidtn-elay, to which thej' properly belonged, 

it h ^hown by Dr. Kicketts that Hints occur in the Bouldor-clay 
near Birkenhead ((Bmrt. Journ. Geol. Soc. vol. xli. 1885, p. 597). 
Mr. Mackint<»?h. in his paper “ On the Limits of Dispersion^ of the 
»rutics of the West of Kngland and East of Wales’’*, notices the 
occurrence of tlint in the marine deposits of sand and gravel along 
the eastern borders of Wales; and other writers, many of whom 
MC tderred to in llie course of this pui)er, nohw the ^crarrOTce of 
flint on Moei Tryfan and in the drift of Lancashire 

Aitken records that flint has been found on Holconihe Hdl, noai 
Manchester, at an elevation of nearly lOOO feet above the sta 

(Trans. Geol. Soc. Manchester, vol. vii.). „„„ 

^ If shore-icc is needed to explain a fciv exceptional groups 
boulders in the drift or on tho bills, that does “"t involve glacial 
conditions. I have seen shoro-ice in the estuary ot the that 
would float any boulder in tho "Vale of ^ 

Connahs (;iuay vessels frozen up in “fyvS?, 

broke away in icebergs 50 yards across : and Mr. Alfred W aiku 
has seen the boulders shifted by si.ore-icc along the same coast. 

The A.snuh Drift falls to lower hovels as 'we trace it down tlie 
vale to the north. This is probably due chiefly to the original nor- 
therly slope of the valley in which it was thrown down, hut also 
may have been increased by an unequal movoraeiit ot elevation, and 
probably more by the greater denudation near the mouth of tk! estuary. 

It occurs in bosses and ridges ot red sandy diift near hhuddlaii, 
the last place where I have seen anything that could be reterred to 
it being a sand and gravel, with bits of red shale and clay, in a 
ditch-section i mile N.W. of the viUiigc, and tho upper beds passed 
through in the Aherkinsy borings. It was probably represented m 
the Foryd boring also t- 

Oivirt .Toiini Geol. 8oc. vol. xxxv. 1879, p. 440; Trimmer Proc. Geol. 
Soc vol i 1831 p. 331 ; Journ. Geol. Soc. Dublin, vol. i. ISJg; M^kintosb, 
QuU .Tourn GeoL Soc’. vol. 1877, p. 73(1 (Auckland, 
vol. iii. 1841, p. rj84 ; ‘ Aibenaeum, 1842 ; Darwin, Loud., Edinb., & Dubl. PbiJ. 

Notion the Geology of the Vale ofClwyd,” Proc. Chester Soc. Nat. 
Bel. 1884, p. 30 
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It is of great importance for our present purpose to inquire wliat 
is the character of this drift where it abuts against the rock along 
the flanks of the hills that bound the vale. The clearest section is 
that seen in the large limestone-quarry by the road north-west of 
the old British camp of Parcymeirch, near the village of St. George ; 
here a well-washed sand and gravel abuts against a steep slope of 
weathered limestone, as shown in the section, fig. 4. 


Fig. 4 . — Section in Quarry near tlie Yillayc of St, George, 
(Scale 30 feet to 1 inch.) 



A. iVlounl-aiu Liiucsloiio, dip N.Ts.E. 

B. Sand and gravel. 

C. Reddish bouldor-elay, witli fnigirn'.nls of soa-sholls and serntehed 

stones. 

D. Tains. 


In this section it is quite clear that a boulder-clay has filled up 
an embayed corner in the limestone, and that a sand and gravel 
swept down the ravine, perhaps into the sea, has caught against 
the projecting mass, covering the crags and the clay-filled hollows. 
The process of quarrying has left a thin wall of limestone in front 
of the gravel and underlying clay-drift, the removal of which in 
one place gives the appearance of a drift-fill(‘d fissure. The red 
colour of parts of this clay may have been derived from the decom- 
position of the limestone in wdiicli it occuiTcd, and not from the New 
lied. 

Further west still, at Colwyn Bay, variable deposits of sand, 
gravel, and clay occur at various levels up the flanks of the hills. 
From some of these, at a height of about 120-150 feet above 
the sea, Mr. Alfred Walker has collected the sliells given in 
column II. of the Table, p. 93. 

All, except Astarte borealis^ are now found upon our coasts (see 
Jeflreys’s Brit. Conch, vol. ii. p. 320), 
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On the other or eastern side of the Vale of Clwyd, the ra1arp;'ocli 
beds abut against the rock at the northern end. Here iniiiiiig 
operations have been carried on along the rock-surface, s(‘okiTig for 
the lumps of ore that occnr in the base of the gravels like the 
“ stream tin in Cornwall. I have found shells, TclJina haUluca, 
in some more clayey beds along the edge of the rock, and, in the 
deep gravel at the bottom of tlm workings, bones <kc. are said to 
have been found (Proc. Chester Soc. Nat. Sei. 1884, p, dl ) in old 
times, and in more recent times similar discoveries have been re- 
ported. 

If we are ever able to distingnish between the deposits of the sub- 
mergence and those of the emergence, the Talargoch gravels will, I 
suspect, bo referred to a late time in the age when the land was 
coming up again. 

Now we must bear in mind, First, that the colouring-matter 
of the New Red Sandstone occurs as a thin pellicle of oxide round 
the grains, so that when they have ‘been much knocked about, the 
sand is colourless, and the oxide is carried in the water to stain new 
beds of finer texture where it can settle dov n. 

Secondly, tliat the New Red docs not attain any corisidcrablo 
elevation in the "\^ale, so that in the submergence it was soon below 
the reach of ordinary denudation. Thus W(5 may expect that many 
of the drifts derived from it will not he red, bi'cause the colour has 
been washed out, and many drifts of th(‘ same, or only slightly dif- 
ferent age, will be the one red, the otlier grey, according as any 
source of th(‘ red colour was still in th.c lim^ of drifting or not. 

Great masses of grey gravel, near Rrynyjnn, at an elevation of 
about 500 feet, clearly belong to some part of this ago; and wlien 
the sea was there it must have left gravel and sand above the more 
ancient drifts along the; Elwy above' J’ontyi'ddol. 

At Rrynypin there must have b(‘.cii a tidal swill. All down ilic 
east slope of th(' same hill, on the south sid(' of Uodc'lwyddan J*ark, 
tho rod-clay drift is seen in fl.c road-cultiiigs, wlicre'lxmlders of 
north-country granite are not nncomu.oii, at any rate up to a ludght 
of 300 feet 

On the eastern Ranks of tho CJwydian range there are grey gravels 
high up tho hill on the souih side of Cwin torch, for instance, 
which might well belong to this same age ; but in tlic absence of 
fossils and opportunities for a more carcTul ctxaminatioii of the 
constituents, we must suspend our judgraout here ; for they 
might bo also the gravels at the foot of tho groat ice, when it had 
receded just so far. The csgair drift below also, near Rryn 
Nannerch, requires more evidence before vve can feel sure about 
its age. 

Three miles and a half to the E.S.E. from here, on the hill-top 
near where the “ g ” of Caerhug is engraved on the 1 -inch map, 3^ 
miles W.S.W. of Northop, some (>50 feet above the sea, 1 have 
collected sea-shells in the drift. This is an interesting place to iirul 
them, for it lies halfway between the slicll-hearing beds of Moo 
Tryfan and the similar deposits near Macclesfield ; while if we trave 
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on in the same line, as far again, we find the Hessle beds con- 
taining the same fauna. 

In all ilicse beds there are flints somewhat roUed, subangular, as 
they call them, but never worn to pebbles. 

Eound the south coast to Pembrokeshire we find the same, and 
the low-lying plateau at St. .David’s is covered by a gravel containing 
flints ; but 1 have not as yet found traces of shells in it there. 

This is part of a wide submergence, and of course, when the 
higher hills were submerged to the extent that I have shown above, 
the lower regions and the hollow places were all below the sea, the 
lowest going down first ; so, as the climate was growing milder at 
the close of the ago of glaciers, the more southern and temperate 
forms of life kept following on the receding ice, but the earlier 
deposits would still contain many of the Arctic types. This may be 
the reason why, in Mr. Shone’s lists of shells from the drifts in 
Cheshire and South Lancashire, there are so many more northern 
species than appear among the shells in the Vale of Clwyd, or Colwyn 
Bay, or the higher levels of Moel Tryfan, Caerhug, or Macclesfield. 
Or it may be that the Bcandinavian shells are derived from an older 
boulder-clay. 

But we must not attach too great importance to this point ; for 
the p(?rsistencc of a few northern forms does not justify our referring 
even these bods to the glacial age. Nearer the mountains we have 
abundant evidence that the deposits wo have called the Ht. Asaj)h 
Drift are Postglacial. The striated stones are all such as might bo 
derived from the preexisting A renig Drift ; none of the stones 
peculiar to the St. Asaph Drift are glaciated, l^rokeii glaciated 
boulders, balls of Arenig boulder-clay, and, with very few exceptions, 
shells not of Arctic type occur in this Bt. Asaph Drift. 

Deposits of a submergence which succeeded the age of great 
glaciation have hecn recognized round the north and east of Wales 
(Mackintosh, Quart. Jourii. Geol. Soc. vol. xxxviii. 1882, p. 184). 
Along the “ Severn Straits ” and beyond into the Midland counties, 
relics of the material washed from the older drift are recognized * 
(Eev. W. Lister, Q. ,T. G. S. vol. xviii. 1802 ; Davies, Proc. Geol. 
Assoc, vol. iv. 1870, p. 423; Orosskey, Proc. Birmingham Phil. Soc. 
vol. iii. 1882, p. 209). 

Marine deposits of this jigo occur over the plains of Cheshire and 
Lancashire, as may be seen from the references 1 give below with 
the lists of shells (sec also: — Do Banco, Quart. Journ. Geol. Soc. 
vol. xxvi. 1871, I). 041, Mom. Geol. Survej% ‘‘ Superlicial Geolog}^ of 
S.W. Lancashire”; Mackintosh, Chester Soc. Nat. Sci. Fob. 1870, 
Quart. Journ. Geol. Soc. vol. xxv. 1809, p. 407, vol. xxxiii. 1877, 
p. 732 ; Bicketts, Proc. Liverj)ool Geol. Soc. 187(>-7, p. 245 ; Morton 
and Shruhsolc, Proc. Liverpool Geol. Soc. 1875-() ; Jiforton, G. H. 
ib. 1870-7, p. 294, &o., Bep. Brit. Assoc. 1870>, p. 110, Geol. 

* In a paper just published, Mr. Deeloy says of the Pleistocene succession in 
the Trent Basin, “ all the deposits I have <lc.scnhed as belonging to the two 
previous epochs [Older and Middle Pleistocene] were formed during one coir 
tinuous period of submergence ” (Q. J. Q-. S, vol, xlh. 188(), p. 4i)7). 
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Mag. dec. 2, vol. iii. 1876, p. 526; Strahan, Mem. Geol. Survey, 
** Geology of Chester”; Mellard l^ade, Quart. Joum. Geol, Soc. 
vol. xxxix. 1883, p. 92 ; Wood, S. V., Geol. Mag. dec. 2, vol. iii. 
1876, p. 396, footnote). 

But along the east coast, both north and south of tho Wash, 
marine conditions prevailed long before the ice had receded into 
the high mountains, and in the shells of tho older drift we hnd the 
record of this. 

I have not entered into the discussion of the exact subdivisions or 
correlation of these bods. I have referred to some authorities for 
just the point above stated of an older Glacial and a newer Post- 
glacial drift. Eor local purposes a more minute subdivision is 
possible and useful, but at i)rosent I think we must, for wider cor- 
relation, adhere to a simpler system, and speak of one groat gla- 
ciation succeeded by one great submergence in the west : and in 
tho east, an older marine, probably synchronous with tlui tirst or 
land-ice, and a newer marine, tin' chronological equivalent of the 
second or ago of submergence in the west. For some suggestive 
remarks on this subject see Jamioson, “ On the (^-mse of t he Depres- 
sion and lle-elcvation of the Land during tho Glacial Period,” (tooI. 
Mug, dec. P, vol. ix. (Soc also Dakyns, ‘^Glacial Dejmsits 

north of Bridlington,’’ Yorksh. Geol. IVdytech. Soc. vol. vii.) 

In the su})joiiied table (]). 93) 1 have given a list of the sliells in the 
St. Asaph Drift and from beds in adjoining districts, whicli it ai)]>ears to 
mo belong to about the sanui age. 1 have added in the last column 
for eompnrisoj} a list of tho shells from wJi/it is probablj’ a Jiiarino 
deposit of the age of the Arcnig land-ice. 

By reference to the authors quoted it will be seen that in many 
cases there are subdivisions of importance in the beds which I have 
included under one head, and that some of llie forms which I have 
recorded may have been derived from older deposits. Jt is clcjar 
also, from the great difference of elevation, lithological chaiuct-cT, 
and proximity to the mountains, that a soinewliat ditfereiit facies may 
be expected from dei)osits which have l)cen laid down at different 
times in one long age of changing geographical conditions and 
climate. But nevertheless this point seems to he cleaily estab- 
lished, that the shells enumerated in columns 1. to Vll. all belong 
to a somewhat northern temperate group (/. c. are Post-Glacial), 
that under the deposits in which they occur on tho west are the 
land-ice drifts of the Welsh and Lake-country mountains, and 
that below their equivalents in the cast arc Old Boiikler-clays con- 
taining, either scattered through the mass or in included masses of 
contemporaneous sand and clay, a severely Arctic group of shells. 
These shells are recorded in column VIII. 

I have omitted all notice of the Echinoidca or Foraminifera, as 
not being of sufficiently common occurrence to bo useful for our 
present purpose of correlation. 

The references to the formation, locality, and age, and the sources 
of information are as follows : — 

In column I. are indicated the shells found in the marine sands 



BBnrre of the vale op clwtt). 


89 


and gravels of St. Asaph. These were originally determined for me 
by Searles Wood. The collection is now in the Woodwardian Museum 
at Cambridge. See also ; — 

Hugiees. “ On the Evidence of the Later Movements of Elevation 
and Depression in the British Isles/' Yict. Inst, or Phil. Soc. 
Great Brit., March 15, 1880, p. 6, 

Hughes. “Hotes on the Geology of the. Vale of Clwyd," Proc. 
Chester Soc. Nat. Sci. pt. 3, 1884, p. 29. 

In column II. I have given an unpublished list, kindly placed at 
my disposal by Mr. A. O. Walker, of shells collected and determined 
by him from beds about 120-150 feet above the level of the sea in 
Colwyii Bay. These specimens are in the Grosvenor Museum, 
Chester. 

In column III. I have recorded the shells from MoelTrjTan noticed 

Trtmmee. Proc. Gcol Soc. vol. i. 1831, p. 332 ; Joum. Geol. 
Soc. Dublin, vol. j. 1838, j>p. 280, 335 ; Kept. Brit. Assoc. 

1 838, Trans. Sect. p. 80. 

Eoiihes. Mom. Geol. Survey, vol. i. 1840, p. 330. 

DAKiusniRE. Geol. Mag. vol. ii. 1S(;5, Table, p. 298. 

Mellakd Reade. Quart. Journ. Geol. Soc. vol.xxx. 1874, p. 30. 

11am SAY and Etheridge. ‘Physical Geography and Geology of 
Great Britain,' 1870. 

Lyele, ‘ Aiiti(|uity of Man,’ 3rd edition, ]). 525. 

Shone. Quart. Journ. Geol. Soc. vol. xxxiv. p. 383. 

Gwyn Jeffreys. Quart. Journ. Geol, Soc. vol. xxxvi. 1880^ 
p.351, 

Gwyn Jeffreys says that the MoclTryfan deposit was not strictly a 
glacial one. The taima has a Norwegian rather than an Arctic facies. 

In column IV. 1 liave ])laced the few shells which have heen re- 
corded from the sands and gravels which occur at intervals along 
the high ground that rises from the Cheshire plain on the west, from 
the Vale of Llangollen to the estuary of the Dee,- thus forming the 
eastern houndary of the Vale of Clwyd. I have verified the occurrence 
of these hy finding some myself, hut 1 have not added to the species 
recorded hy Mr. ^lackintosh 

In column Y. I have j)lacod together all the recorded shells from 
the drifts of the lower levels of Lancashire and Cheshire. For the 
subdi\isions of those beds the paj)er hy Mr. 81iono (Quart. Journ. 
Geol. Soc. vol. xxxiv. 1878, p. 383) may he referred to. Mr. Shone 
thinks that the lower beds of his sections arc of considerably greater 
auti(p;iity, and indicate much more boreal conditions than the over- 
lying sands and gravels and their covering clay. He suggests that 
some of the nortliern sliells found in the upper deposits may have 
been washed out of older hods, and therefore not be a fair index of the 
climatal conditions of the deposit in which they are found. Mellard 
Reade considers that the various beds from which he has obtained 
shells in Lancashire and Cheshire are only local developments of one 
series. Provisionally ho groups them all together under the title of 

* Quart. Journ. Geol. Soc. vol, xxx. (1874), j). 712, vol. xxxrii. (1881), p. 360, 
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Low-level Boulder-clays and Sands (Quart. Joum. Geol. Soc. vol. xxx. 
1874, p. 36). . ^ ^ 

It does not appear that any one has detected in that area any 
patches of the drift directly duo to the northern land-ico from which 
so much of the material of all later drifts has been derived. The 
numerous records of glacial striae on the solid rock lead one t o think 
that there cannot have been much erosion since the ice, whether 
land-ice or iceberg, passed over it (see Mollard Jteade, Proc. Liverpool 
Geol. 8oc. 187i^-73, p. 42 ; Morton, ib. 187(5-77, p. 284). Put as 
none of the marine deposits referred to under this head can have 
been laid down until after the recession of the northern ice, they 
must belong to an age of less severe climatal conditions. On the 
other hand, as the ice must have lingered on the high ground of 
North Lancashire and Wales long after the sea had covered the 
Cheshire and Lancashire plains, some of these Lancashire and Che- 
shire drifts may well be nearer the glacial age than the drifts the 
shells of which are recorded in columns I., II., III., and IV. 

See also : — 

Egeeton. Proc. Geol. Soc. vol. ii. 1836, pp. 189, 415. 

Binney. Mem. Lit. Phil. Soc. Manchester, vols. viii., x. (1852). 

Moeton. Proc. Geol. Soc. Liverx)ool, 1870-71, p. 91. 

Patbrsox. Proc. Warrington Lit. Phil. Soc. 

Mackintosh. Quart. Journ. Geol. Soc. vol. xxviii. 1872, p. 388, 
with Note by Gwyn Jeffreys, p. 391, and note by Searles 
Wood, p. 392. 

Mellari) IIeaj)e. Quart. Journ. Geol. Soc. vol. xxx. 1874, 
j>p. 27, 281, vol. xxxix. 1883, p. 83 ; Proc. Geol. Soc. Liver- 
pool, 1874-75, p. 35. 

Ffarington, quoted by I)AEETsniRE. Quart. Journ. Geol. Soc. 
vol. xxx. 1 87 4, p. 38. 

In column VI. will be found list of the Macclesfield drift-shells. 
I have not distinguished the older ajid newer beds of Mr. llai bishiro. 
(Manchester Lit.' Phil. Soc. vol. iii. 1865, p. 56 ; Geol. ^fog. vol. ii. 
1805, x)p. 41, 298.) The shells recorded as having been found by 
Prestwich in 1862 were from the same drift in an adjoining pit. 

See also : — 

Sainter. ‘ Kamblcs round Macclesfield. ’ 

Mackintosh. Quart. Journ. Geol. Soc. vol. xxxvii. p. 363. 

Plant. Geol. Soc. Manchester, Eeb. 1 865 ; Geol. Mag. vol. ii. 
1865, p. 179. 

Mellaeb Keade. Mem. Lit. Phil. Soc. Manchester, 1864-65. 

In column VII. I have marked the shells of the Hessle Beds, that 
is, practically, the shells collected by Professor Prestwich in the 
gravels of Kclsea Hill. The list was revised by Gwyn Jeffreys, and 
puhliabed in Prestwich’s ]>a])er on the KeLsoa Hill Beds (Quart. 
Journ. Geol, Soc. vol. xvii. 1861, p. 448). See also Clement Eeid, 
Mem. Geol. Survey, “ Geology of Holderuess ” (see below, p. 93). 

These beds, according to Searles Wood, are postglacial, and are 
identified with beds which rest on Bouldor-olay, and with otlicrs 
which are overlain by still more recent Lacustrine deposits with 
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It is interesting to note the occurrence of Cyrena (Corhicyla) 
fluminalis in these beds, which (though, as pointed out to me by 
Mr. Clement Iteid, it ranges down to the Cromer Forest-bed) is such 
a common and characteristic fossil in the March Beds and the post- 
glacial river- terraces of the south-east of England — the valley of 
the Cam, for instance (r/. Searlea Wood, Geol. Mag. vol. ix. 1872). 
See also : — 

Phillips, Quart. Journ. Geol. Soc. vol. xxiv. 18G8, p. 250. 

Wood and Home. Quart. Journ. G(5ol. 8oc, vol. xxiv. 18()8, 
p. 146. 

Hall. Liverpool Geol. Boc. Bee. 11, 1866. 

Hearles Wood. Geol. Mag. vol. viii. Sept. 1871, p. 406. 

Lamplugh. Yorkshire Geol. Polytech. Soc. 1879, pp. 8, 9. 

Jukes-Browxe. Quart. Journ. Geol. Soc. vol. xxxv. 1879, 
p. 397. 

All the beds from which the fossils were obtained which are 
recorded in columns I. to VII. must be considered to belong to an 
age when severely arctic conditions had ceased to prevail, and which 
therefore may be called Postglacial. 

In column VIII. I have indicated the shells which have been 
obtained from the Bridlington Drift. When examining the Bim- 
lington Section some years ago, in company with Mr. Leonard Ly ell, 
I noticed in the lower part of the cliffs a short lenticular mass of 
greenish sand full of shells. It was so small that we worked it out 
completely. In it we found Numla Cobholdioi perfect and Astarte 
compresm wuth valves adherent, and seven other species (see Hughes, 
“ ()n the Evidence of the later Movements of Elevation and Depres- 
sion in the British Isles,’^ Viet. Inst, or Phil. Soc. Great Britain, 
March 15, 1880, p. 8). Mr. Lamplugh has since xnocured shells 
from similar beds in the same neighbourhood, and has well worked 
out the equivalent Bridlington Drifts (Brit. Assoc. 1881 : Geol. 
Mag. dec. 2, vol. v. ]>. 509, vol. vi. p. 393, vol. viii. 1881, p. 535, 
vol. ix. p. 383; Quart. Journ. Geol. Soc. vol. xl. 1884, p. 312, in 
which are notes by Gvryn Jeffrej^s, E. T. Newton, and Dr. Crosskey ; 
Proc. Geol. Polytech. Soc. Yorkshire, j)t. i. 1881, p. 383, pt. ii. 1882, 
p. 27, pt. iii. p. 240, 1883). 

See also : — 

Bean, AVm. “A short account of an interesting deposit of 
Fossil Shells at Bridlington Quay,’^ Loudon’s Mag. Nat. Hist, 
vol. viii. 1835, p. 355. 

Young and Bird. Geol. Survey Yorksh. Coast, 1 822, p. 22. 

Sedgwick. Ann. Phil. 1826, scr. 2, vol. ix. p. 339. 

Phillips. Brit. Assoc. 1835, Trans. Sect. p. 62 ; Geology of 
Yorkshire, 1835, p. 40 (in the 3rd edit. p. 274, there is a 
note by Gwyn Jeffreys). 

Lyell. Ann. & Mag. Nat. Hist. vol. xii. 1839, p. 324; 

‘ Antiquity of Man,’ 1873, p. 266. 

Forres. Mem. Geol. Surv. vol, i. 1846, p. 3412. 

Skarles Wood. Crag Mollusca, 1847" 55. The Bridlington 

drift was then believed to be about the liorizon of the 



PKOF, T, OT0H11S ON TB35 


MammaliferouB Crag. Quart. Journ. GeoL Soc. vol, xxvi, 
p. 92, voL xxxvi. p. 515, vol. xxxviii. p. 681 ; Geol. Mag. 
dec. 2, vol. i. p. 246, vol. v, p. 13. 

SoRBY. Proc. Geol. Poly tech. Soc. West Riding, Yorkshire, 
vol. iii. 1858, p. 559, with thePoraminifera named by Rupert 
Jones. 

Gunn. Essay on Geol. Norfolk, White’s Gazetteer, 1863. 

Tyndall, E. Geol. Mag. vol. i. p. 142 ; Proc. Geol. Soc. Yorksh. 
vol. V. 1870, p. 7. 

Woodward, S. P. Geol. Mag. vol. i. 1864, pp. 49, 142, 216. 

Crosskey. Proc. Birm. Phil. Soc. vol. ii. p. 373. 

Simpson. Geol. Nat. Hist. Repertory, vol. i. p. 57. 

Bedwell. Geol. Mag. dec. 2, vol. v. p. 517. 

Leckendy. Brit. Assoc. 1864. 

Gwtn Jeffreys. Brit. Assoc. 1874, p. 83. 

Dakyns. Geol. Mag. dec. 2, vol. vi. p. 238, vol. x. p. 93 ; Proc. 
Geol. Soc. Yorksh. n. s. vol. vii. p. 123. 

And the collections by Bean and others in the British Museum, and 
the Leckenby collection in the Woodwardian Museum at Cambridge. 

In a note at the end of the list drawn up by Gwyn Jeffreys, and 
published in Phillips’s ‘ Geology of Yorkshire,’ 3rd ed. p. 277, ho says, 
All the above species are now living and inhabit the Arctic and 
northern seas. Nucitla Gohholdim is hitherto known from Japan 
only.” He further on makes, the following important obsemitions 
on the admixture of littoral and deoper-water shells : — “ I .should be 
inclined to reject from the list of Bridlington shells the following 
species, viz. MytUus cdulis^ Cardium cdule^ Litlorhia littore((, L, vtulis^ 
and Purjmra because they are littoral, and thered'oro not 

likely to be associated with species which belong to the coralline 
zone, such as lihynchonella pslttacea, DentaHum 

striolfiturn, Admete viridiila, and Oolumhella l/olholli ” (=0. rosacey), 
“ These littoral .shells may have come from an overlying or adjacent 
bed, and become accidentally mixed with the shells from the deposit 
under consideration.” It is not uncommon to find on any shore 
among the littoral shells others that have been torn away by currents 
and tossed up by storms from far below low-water mark. But in 
that case Gwyn Jeffreys evidently must have thought, from the 
character of the deposit and other circumstances, that that explana- 
tion was not sufficient. 

Mr. Lamplugh has worked this question out, and arrived at the 
conclusion that some of the shell-bearing beds are tran.sported by 
the agency of ice from sea-bottoms of various depths further north 
and mixed up with littoral and even freshwater deposits *. Whether 
any of them have travelled far or not matters little for our present 
])urpo8e, as the condition must have been somewhat boreal on a shore 
thus invaded by ice from arctic regions. 1 have therefore given the 
list of the shells as a sample of what we should expect in a true 
glacial deposit, without noticing the character of bod from which 
it was derived. Eor such details I refer to Mr. Lamplugh’s excellent 
* Geol. Mag. dec. 2, vol. vi. 1879, p. 393, 
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papers, and especially to the recently published Mem. Geol. Survey, 
“ Geology of Holdemess,” by Mr. Clement Eeid, to whom I am in- 
debted for the revision of my list and for much kind assistance. The 
percentages have been changed by Mr. Eeid’s work, and the state- 
ments of Gwyn Jeffreys and others will have to bo modified ; but 
the main conclusions to which I would draw attention remain un- 
altered, viz. that ‘‘ with the Bridlington Crag, notwithstanding the 
close proximity of the deposits, the marine gravels show little con- 
nexion” (Clement Eeid, p. 69). I am inclined to refer the glacial 
character of some of the newer marine beds of Eastern Yorkshire 
to the wasting of old boulder-clay cliffs and the using up of old 
material, rather than to the recurrence of arctic conditions, and so 
com[)are the Arenig land-ice drift of the west with the Bridlingfen 
Drift of the east, and the St. Asaph Drift with the shell-bearing 
sands and gravels of Kelsea and Hessle. 

There is more doubt respecting the fauna of the glacial beds soutli 
of the Humber, Scarlcs Wood’s Mid-glacial, for instance, in conso- 
(] lienee of thcdifficulty of discriminating between the contemporaneous 
shells and those derived from the Crag, which occurs close by. (^^ee 
a useful review of the literature of this part of the suhj'oct by 
H. B. Woodward, Proc. Gcol. Assoc, vol. ix. See also Jukes-Browne.) 


Table of DistrihatiOii of Fossils in Drifts ^. ' 
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TI. 

III. 

XV. 
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VII. 

VIII. 
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Pectunculua glycyineris, Linn 
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Area laetoa, I Ann 





* 

* 



Montacuta Bawsoni, Jiiffr 
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... 
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* Oolumn 1, St. Asaph; II. Oolwyn Bay; III. Moel Tryfan ; IV. Minera 
&c. ; V. Lanesashire and Cheshire; VI. Macclesfield; VII. Kolsea; VIII. Brid- 
lington, 
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Table {continued). 


Axinopsis orbiculata, Gr. 0. Sari^.., 

Liicina bomilis, Lvin 

Loripcs divarioata, Liini 

Cardita borealis, Conrad 

Cardium aculoatum, Limt 

ecliinatinii, Linn 

edule, Limi 

exiguiim, Gniel 

fasciatuin, Montarfu 

^roDulandiciim, Chemn 

islandiciim, Lin7h 

norvegicura, Sjjcnffler 

tuberculatum, Linn. (=0. rus 

ticum) 

Oorbicula (Cyrena) (luininalis, Mull. 

Oyprina islaudica, Linn 

Astarte borealis, Chermi. (=A.arctica,| 

Gtray) 

, var. Withami.... 

com pressa, Mmi t 

deprCBsa, Brown (=A. creriata 

=A. crebricostata) 

sulcata, Da Co.^ta 

, var. elliptica, Brown 

Venus casina, Linn 

(Cytlierea) Chione, Linn 

(Artemis) cxolcta, Linn 

( ) lincta, Bait 

fluctiiosa, Goitld 

gallina, Linn 

, var. striatula, Donovan . . . 

oval.a, Pcn7i 

verrucosa, f/inn 

Tapes puUastra, Mont. (=1\ geogra- 

plnous) 

dcciissatiis, Linn 

virgiueus, Linn 

Tellma balthica, Limi. ( = T. solidula)| 

calcaria, Chemn. (=T. proxinia 

obliqua, J. Sow 

pusi]|^l, Phil 

teuuis ?, JJa C. 

Psammobfa ferroerisis, Chemn. .. 
Vonax vifctatus, Da C. ( — D. ariatimis)] 
Mactra glauca, (=M. belvaccja; 

— solida, Linn. ( — Vi. ovali.s) 

, var. oiliptica 

subtruncata, Da C. 

Lutraria elliptica, Lanik 

Scrobicularia piperata, Ginel 

alba, Wood 

Solen ensis, Linn 

siliqua, Liwn 

Thracia prajteniiis, Puli 

- pubescens, Pult 
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Table (continued). 


1 . 


Corbula gibba. Olivi (=0. striata 
= C. nucleus) 


pusilla, I*h'il 

Mya areiiaria, JAnn 

truncata, Linn 

, Tar. uddevallonsis 

Saxicava norvegica, SpCAtgl 

rugosa, Linn. (=S. arctica) ... 

Pholas Candida, Linn 


crispata, lAnn 

Teredo norvegica, t^pcngl, 

Dcntaliuin entalis, Linn 

striolatum, Stimpson (=D.abys- 

sornm) 

tarentinum, Lamk 

Patella vulgata, Linn 

Tectura virginea, Milll. 

Lepota caeca, Miill 

Puncturella iioachina, Linn 

Fissurella groeca, Linn. (=F. reticu- 
lata) 

Trocliuft cinerarius, I Ann 

cinerous, Couthouy 

groenlandicus, Chemn 

magus, Linn 

\uubilicatus, Mont. 

varicosus, Migh-cls Adams ... 

ziziphinus, Linn 

Lacuna crassior, Mont 

divaricnta, Fcdjr. (=L. viiicta) 

Littorina littorca, Linn 

obtusata, Lmii. (=:L. littoralis) 

globosa., Acjpt' 

rudis, Mafon 

squalida, lirud. tSow 

Menost bo idbula, Fabr 

Rissoa labioria, Mont 

ulvee, Vcu. ( = 11. subumbilicata) 

]jarva, La C. 

subperforata, Jeffr 

Wyville-Thonjsoiii, Jeffr 

Homalogyra atom us, Phil 

^I’urritella crosa, Coidh 

terebra, Linn. ( = T. communis) 

►Scalaria communis, Lamk 

groiiilaudica, Chemn 

Odostomia consjaeua, Aldar 

— intcrstincta, Moni 

rufa, Phil 

Natica affinis, Gmel. ( = N. clausa) ... 

, var. occlusa 

Alderi, Forhcs (=N. nitida) ... 

catena, Da C. (~N. monilifora, 

Lamk.) 

groenlaudica, Deck ( = N. pusilla) 
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Table {continued). 


Nnlica islanclicfi, Gmtl. (=N. heli-1 | 

ooi(l<i8) ; ... 

Moiitacuti, Forbes j ... 

fiordida, P/j// | ... 

Amaii ra Hiikiosa, fjcrhr. ! ... 

Admoto viridiila, Fahr j ... 

'^rricholropis boivalis, Brocl. Sovk..\ ... 

Aporrluiis pf'S-pclricnnr, Lhm ; ... 

Purpura ] a .] Lhiu I ... 

Bufcinuui «rrt)cijlaiidiouin, (JJtcmn. ...I .. 

undjihini, Lhtu i ... 

oriiuK^ous, hiun j ... 

Troplioii barvicoiisis, JoJmst I ... 

clatbratuH, Lhm, (=T. scalari-j 

forinis) | ... 

, var. Gunneri i ... 

^ vjir. tr inicata ! * 

Fabricii, Jleek (r=T. (;raiicula-' ... 

lat«ri(?eus, M’llll ••• 

Fusus aiiiiquuB, Linn | ... 

, var. uoutrariiis ( — F. siniB-’ 

IrorsuB) i ... 

curiuH, Li'ffr i ... 

, var. cx}jaiirtU8 | ... 

despectus, Lhm I ... 

gracilis, La C. j ... 

isljxndiciis, (Jhcmu i ... 

K ru;v o.v\, MiU I j ... 

LcckcMibyi, S. V. Wood ; ... 

])ropiiupiiirf, Alder j ... 

Sarsi, Ji’ifr ' ... 

• spitzbcrgcnsis, /Aecc ' ... 

Nassa rolioulala, Linn ' ... 

incTassata. Midi 

Ooluitibella rosacea, Gc/f/'W ■ ... 

Plourotonui bicariuata. Couth ; ... 

, var. viola cca ! ... 

deciissata, Couth ; ••• 

elcgaiis, ; ... 

exavata, Moll ... j 

barpularia, God'/Zi ... | 

nebula, Mont | 

iniiltistrialia, Jcffi' *.• ; 

pyraniidalis, Strilni | 

piii'a, Mont * I 

simplex, Midd. 

Trevclyaiia, 'Purton ! 

lurricaila, Mont * : 

Cypriea europtm, Mo7it 

Cylichiia alba, Brown ' 

sculpta, Lcche ... 1 

Utriculus obtusus, Mo7it., var. pcr- 

tenuis ' .■ ; 

constrictus, i ... 

Bulla crebristriata, Jeffir [ ... 
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Table (continued). 
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Sorpula (Poinatoeoros) triqncti“i : ... 
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Pakt I V. 

Alluvium and Surface-drift. 

T^ow wo niiiat briofly examine the still more recent superficial 
deposits of the Vale. In treating of the drifts this is of great 
importance, scjciug that it- is so hard to distinguish the re-sorted 
newest beds from the undisturbed original deposit from which they 
wei*e derived. Ih'eii in the older rocks this is a common sounjc of 
error. The eom])act breccia composcal entirely of fragments of 
Mountain lameslone which sometimos makes up the Ihoclcram or 
base of the Lower New lied Stindstone in tlie Eden valley is oft(;n 
almost undistinguishable from thc^ ])areiit ruck. The surface of tiie 
Ijower (Ihalk broken up and reset has often been misttvken for tho 
solid chalk, until a line of angular flints showed tliat it was only 
consolidated clialk-gravd. lle-sorted JMioceno has hctai r(^poi't(id to 
contain remains of man. Jhit the re-sorted drifts almost defy 
detection in most cases. We have already discussed tlui characters 
which help us to make out whether the glacial drift rmuains as left 
l)y the ice, or whether it has been sorted by tbo sea; so also, if we 
know the district well, we may ascertain wluLliei* we liavo before 
us the marine dei)osit or only some of it washed to lower levels by 
rain, or worked down the liill ]»y all the other agencies which 
modify the surface-soil (see Morton, (L It., ‘ Nature,’ Sept, lit), 
18S0, p. 511). 

It is clear that a long time has elapsed since the last of the St. 
Asaph Drifts was left by the sea ; this is evident, first, from an 
examination of the newer deposits which have been laid down on it 
or after it. The various kinds of alluvium which have silted up 
the lower or northern end of tho Vakj of Clwyd are nil newer and 
must have taken some time to form. Wc have already pointed out 
that in tho sections near Dhuddlau they are seen resting upon what 
looks like Ht. Asaph Drift. 

So we come now to the Alluvial Ago. Alluvium and rainwash 
must, from the nature of the case, have been formed in every period 
Q.J.G.S. No. 169. n 
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of the world’s history when there were land and rain and streams ; but 
these superficial deposits w’ould be the first to be destroyed, especially 
in subsequent submergences, and the chances are that only the latest 
deposits of that kind are seen exposed in any district. 

At any rate the alluvium and rain wash of the Yale of Clwyd 
belongs to the age that succeeded the emergence, and is still going on. 

Patches of alluvium can be traced far up into the hill. Por 
example, down the road between Wern and Penybanc, N. of Ponty- 
xddol, there is a grey gravel, and here and there beds of sand. It 
was, so far as I could see, all composed of Silurian and Cambrian 
rocks. 

We have no data for determining the absolute age of the alluvial 
deposits in the upper part of the Yale. I have a very fine, partly 
ground neolithic implement, picked up by Mr. Stuart Menteith in the 
gravel of the Elwy above St. Asaph, and given to me ; but there is no 
evidence as to whether this was carried on to the gravelly bed of 
the river from the alluvial gravel which there spread across the 
valley from side to side, or was dropped in from the surface-soil. 
The North Wales fenlands of Morfa Ithuddlan were formed where 
the river spread over the low flat lands ; its velocity 'was checked, 
and the transport of gravel ceased. So below St. Asaph, near 
Hhuddlan and lihyl, for instance, the gravel banks give way to 
tidal silt, to which we will refer as the Morfa Rhuddlan beds, and 
which is probably newer still than some, at any rate, of the gravel 
near St. Asaph. The course of the river has altered considerably 
since the water-towers of Ithuddlan Castle were built. 

Sections through the silt have been sunk for various purposes here 
and there. Por instance, 1 was informed that when the railway 
was being made along the coast, they dug out the blue estuarine 
clay to a depth of 18 feet to make the embankment, and near the 
bottom of the excavation found the skull of Bos longifrons^ and the 
antlers of Cervus elaphus^ which are now preserved in the Cambrian 
inn at Pensarn. These remains occr»r here and there all through the 
deposit. The Balani on the points of another pair of antlers show 
that it had projected above the surface of the clay for some 
time. 

On the south of lihyl a trench cut out for draining-purposes 
exposed the following section : — 

ft. in. 

a. Surface-soil with broken shells of Buemmm undatum 
at the base, perhaps artificially carried there. 

h. Blue clny, weathering brown in tlie upper ]}art, con- 
taining ftlAells of Scrobicularia 2yip€rata, with valves 
adherent 1 0 

c. Peaty silt, no timber 0 6 

d. Peat with trees 15 ft. in length and 1 ft. G in. in 

diameter 2 0 

e. Blue clay 3 0 

On the Morfa E-huddlan beds rest the sand-dunes and the shingle 
which form a great natural bulwark against the sea, which is driven 
fiercely on this coast by the north-west wdnds. These Eolian beds 
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are of my recent age down to the present day ; there is no evidence 
of any of them being of greater antiquity than the Morfa Rhuddlan 
beds ; yet it is probable that they were always represented along 
this shore, and played their part in aiding or checking the changes 
which submergences or elevation from time to time tended to 
produce. 

There are traditions and some other suggestions of there having 
been such changes within historic times, though history is silent 
about them. In the churchyard at Abergele there is a sandstone slab 
bearing this inscription : — ‘‘ Here there lies in the churchyard of 
Michael a man who had his dwelling three miles to the north.’’ 

The sea is now wil bin a mile ; but whatever may be the interpre- 
tation of this statement, whether he was a man who lived on board 
ship, or whatever other explanation can be offered, it does seem to 
me improbable that changes of that kind and extent can have taken 
place along that coast within the period that the character of the 
inscription would allow us to assign to it, or even since Abergele 
church was built. 

The traditions of change in the coast-line may, however, be 
founded on correct observation. Very likely, for instance, a tongue 
of drift ran far out by Llaiidrillo ynrhos, the destruction of which 
affected the denudation along the shore further east. Very likely 
there have been some changes of level in comparatively recent times, 
and the so-called submerged forests near Prestatyn and Pensarn 
and at the west end of Colwyn Pay are most easily explained on the 
supposition of a small subsidence *. But wo must remember that 
trees now grow in the marshes behind the sand-dunes on ground 
over which the sea would rush in high tides, were it not for the 
protecting harrier, and that by the washing out of sand below such 
forest-beds they often get still further lowered, while some supposed 
forests are mere stumps of trees drifted out to sea and generally 
floated right side up as they are ballasted by the earth and stones 
caught in the roots. (See Potter, Trans. Liverpool Geol. Soc. 
1808-9 ; Whitaker, Mem. Gcol. Survey, Guide to Geol. Lond., 4th 
edition, pp. 77, 78 ; East Essex, p. 18 ; Geol. Ipswich, p. 97 ; Proc. 
Geol. Assoc, viii. p. 137. See also llej). Brit. Assoc. 1885, pp. 442- 
465.) 

The peat of the East Anglian fenland is, in the main, of Neolithic 
age t, though some of the earlier deposits associated with the peat 
contain palaeolithic animals, for these have been sliown to be 
probably only a few derivative specimens from the older gravel-beds 
on which the peat rested. 

So the peat and silt of the estuary of the Clwyd have yielded nothing 
older than the Bos lonijifrons and Gervus elaphus. The Morfa 
Bhuddlan beds may date from Neolithic times to the present day. 
Few short rivers running straight out from the hills to the sea 
without the intervention of low-torraced lands near the mouth 

^ Mellard Beade observes tliat the last movement of the land in Lancashire 
was downwards (Proc. Liverpool Geol. Soc. 1871-2, p. 4^7). 

t ‘ Cambridge Keview,' 1886, p. 366. 

h2 
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have yielded paleDolithic remains. As the river is cutting hack 
the steep ground, terraces are soon destroyed, and the rain 
and agents of degradation keep handing down to lower levels 
all superficial deposits as soon as formed — so along such val]« ys 
great masses of rain wash, or head, or run of the hill gather in 
hollow places or on ledges; all surface soils merge into such 
accumulations. Where the ground is covered by vegetaiion it is 
to some extent protected ; but where the sod is broken, the rain soon 
undermines and sweeps out the soil, and a ravine is formed. A 
hole scraped for shelter by a sheep may lot the water through tlic 
turf and start the work. Looking out on the east fnnu the train 
near Lowgill Junction in Westmorland, about an acre of land miiy 
he seen covered with stones to about 1 0 feet deep in places. That 
was all done in about two hours in a thunder-storm, and the gashes 
from which this debris was swept out are seen on the fellside 
above. At the mouth of each little gorge along the Upper Ehonc 
a fan-shaped mass of toneiit- debris is protruded into the valley. 
These look like the fragments of moraines as you drive down the 
valley over a succession of hills, now hanging on to this side, now to 
that side of the valley. A more careful examination, however, 
especially from higher ground, soon shows their real character. So 
in the smaller valley of the Ciwyd there are masses of torrent-debris 
of postglacial age protruded into the vale, as, for example, out of 
the gorge by Denbigh, from the valley of the Clwyodog, or from the 
smaller tributary streams. But all the while along the slopes the 
rain brought down the soil and stones, leaving the rocks bare here 
and there to be disintegrated and furnish more material. 

Such debris, derived almost exclusively from Silurian rock, was 
pointed out to us by Mr. Strahan in a road-section east of Tromeir- 
chion. Where there is soft drift the rainwash is, of course, different, 
and is more readily transported ; but sooner or later every loose 
material travels down the hill. W^hcre the soil is bared by plough- 
ing, the downward waste is often very rapid. In every long-culti- 
vated hiU-country there are terraces so formed. Eacli man turns 
upper side, so it accumulates at the lower 
end of his allotment, and is removed from the bottom of the bank 
that separates him from his neighbour on the slope above (see fig. 5, 
p. 111). Ihus, in a maimer accidentally, are formed the terraces 
known as raines in the north of England. 

There are many tests to axiply when we are trying to distinguish 
between a marine shingle, a river-gravel, and the rainwash or Tun- 
oi-tne-nill. 


.nrLi w somewhat 

sorted, but the up melme Md the over-bank tip are .juite distinct. 

Even m the ease of shingle thrown against a cliff there is often 
a ndge of thrown-np gravel a little way from tho rock ; this is 
caused by the recoil of the wave. Just as we may often notice 
^ong the pavement on a gusty day, the dust is laid, not along 
the base or the wall, but in a ridge nearer the middle of the pave- 
ment, being driven off the wall by the rebound of the wind from 
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it ; so it often is in the case of material deposited by currents at 
the foot of cliffs. 

The stones ot* which the shingle is composed lie with their longer 
axes parallel to the planes of deposition as a rule ; but sometimes 
when the scour is great they have a subordinate arrangement ap- 
proaching that next described in the case of river-gravels. 

llivcT-gravels are left, as the velocity of the current decreases, in 
the order in which, from their size, weight, form, and other condi- 
tions, they first attain their position of rest; but the principal character 
common to all such gravels is that the flattened oval forms lie packed 
together obliquely, with their longer axes inclined to the bed of the 
stream, the lower end pointing up stream, so that the flat stones 
overlap one another in such a manner as to present a face to the 
descending current and throw the water up instead of letting it 
get under the edge and lift the stone. 

Of course all gravels deposited by marine currents have this 
character also ; but there are seldom marine currents of the force 
and velocity of a mountain-river in flood. 

In the case of the run-of-tlie-hill^ on the other hand, the stones 
and other materials are more commonly carried down by movement 
more akin to slips. The position of rest is not that in which the 
material can best resist the force of a downward current urging it 
on, but the position in which it can catch by friction, or by 
arriving at a gentler slope, so that its own downward tendency is 
overcome. The flat pieces therefore lie . with their longer axes 
parallel to the surface along which the debris is travelling. 

The material is roughly stratified because rain helps, and different 
material catches in different circumstances. The travelling of 
isolated boulders in the rain wash or marine drift or on the shore is 
easily explained. Though gravel, consisting of stones of a given 
size, requires water of a given velocity to move it, it does not follow 
that one such stone lying on sand requires water of the same velocity 
to carry it along. The fine material round and below it is removed 
by the swifter current close to the obstructing mass ; it is set in 
motion, and the water playing on the whole of one face rolls it along 
over the even surface of sand. So the occurrence of single bloc^ 
can often be explained without calling in the agency of ice or any 
exceptional condition. All around the Vale of Clwyd such debris is 
everywhere found, sometimes derived from the solid rock, as in the 
section above quoted (p. 100), near Tremeirchion, sometimes de- 
rived from the drift, as up the road from Pontyralltgoch to Wigfair 
ITchaf, sometimes red with the washings of the How Red and the 
result of the decomposition of limestone, and sometimes grey where 
the iron-oxides have been washed away or the rocks from which it 
is derived contained originally a smaller proportion. 

In the Vale of Clwyd this crumbling of all loose material down 
the hill-sides has been going on ever since the land emerged from 
below the waves that left the St. Asaph Drift, through the long ages 
while the sand-dunes and wave-driven shingle were travelling from 
west to east and damming the streams that ran into the sea between 
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Llandulas and Prestatyn, while all the Morfa B-huddlan beds were 
being laid down, and while the alluvial gravels of the valley were 
being formed ; each shower, each frost, the sunshine, and the animals 
all helped to work the surface of the hills to lower levels. With 
so much time, with such continuous agencies at work, the wonder 
is that any soft material of early date is left upon the hills. 

Where are the deposits of Palaeolithic age ? Perhaps they may 
be represented by some of the higher terrace-gravels, which are 
older than the Morfa Bhuddlan beds, and older than most of the 
gravels of the Elwy and the Clwj’^d. But the chances are enor- 
mously against our finding any remains of that date in the terrace- 
gravels along the hill-sides. The implements were rare and the 
bones were quickly decomposed in those porous water-bearing 
strata. 

It is not as if we had plent}’ of such remains in the gravels of 
later date. Were it not for that one fclstone implement preserved 
by some accident in the more recent gravel of the Elwy, we should 
know nothing of the occurrence of neolithic man in the district 
except from the remains found in caves and from some interments. 

Perhaps some of the Morfa Ithiiddlan beds may go back to the 
neolithic age. The Bos and the Oervus found in them certainly 
came down to Homan and later times. 

Similar phenomena are rocoi'ded from West Lancashire * and 
Che shire t. 

It is perfectly clear that we cannot everywhere draw a hard-and- 
fast line between those divisions. 

The rain and other subacrial agencies must have brought down 
the debris of the hill-sides, and the tidal silt was being thrown 
down in the lower reaches of the Clwyd, while the rivers were 
forming terraces along the cavernous banks of the Elwy. But 
little of that which was washed down in the earlier times has not 
been since removed by the continuance of similar agencies, and none 
can have survived the scour of the submergence. 

So river-gravels were being formed in the upper part of the vale 
while marine deposits were being ti-rown down in the lower, and 
so on ; but, in the main, there is a general sequence to be made 
out, and the relative age is pretty clear, though it will take much 
more work to feel sure where to x>lace the beds seen in every 
isolated section. 


Part Y. 

Caves, 

We must now examine the evidence to be derived from the caves 
and endeavour to find their place in the chronology of the district. 

With a view to this it is of first importance to distinguish clearly 
between the history of the caves themselves and that of the cave^- 
d^osits, 

* Moore, T. J., Trans. Lancashire Historic Soc. 1885. 
t De Bance, Quart. Joum. Geol. Soc. 1871, xxvii. p. 655. 
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There are many kinds of caves, and there are many different ways 
in which caves are formed, and it is impossible to investigate their 
age without inquiring somewhat into the geolog}^ and physiography 
of the district ; but I shall dismiss this part of the subject very 
shortly with a reference or two. 

First, we are not dealing with artificial caves in any case, nor 
with caves formed by the sea. The cliffs in which they occur are 
not sea-cliffs Wo have to do with natural caves, such as rock- 
shelters due to the subacrial wasting away of parts of the rock 
which were readily shelled off under the influence of variations of 
temperature and of the moisture which was condensed upon it. 

The most favourable condition for the formation of caves is that 
the limestone should have been exposed to the action of the weather 
and its joints opened out, and that then it should be partially covered 
up by boulder-clay, which would collect all the water into runlets, 
and so concentrate it upon certain lines of weakness and form 
underground watercotirsos f. 

8till more common than the rock-shelters, and more important 
for our present inquiry, are the caves which represent ancient sub- 
terranean watercourses in the limestone rocks which flank the vale 
on either side. How such caves were formed is well known ; but 
when they were formed, and to what drainage-system they belong, is 
not always clear. 

For instance, in the Elwy valley the Cefn caves arc obviously due 
to the decomposition of the limestone along the weaker lines in the 
general drainage-system of that valley ; but what the particular 
local conditions were that caused the subterranean channel to 
plunge down suddenly to an outlet far below, is not so clear. 

The adjoining Pontnewydd cave, so far 'as yet explored, runs 
approximately on one level. 

Near the top of the opposite hill the Plas Heaton cave must have 
been formed under quite different conditions. It does not lie in 
the line of any existing drainage-system ; it must be a very 
ancient cave ; perhaps it was formed when the streams that flow 
down near Llysmeirchion ran at a greatly higher level, the inter- 
mediate ground being all filled up with drift, or perhaps when the 
drift choked up the Elwy valley, as we have seen above was once 
the case, some of its waters may have found their way into the lime- 
stone rocks above Plas Heaton. 

If the Cefn caves were formed by water collected on the imper- 
vious drift, then we must refer them to a later date than the Plas 
Heaton cave ; but this is not quite certain, as they may have been 
partly formed when the gorge was first being cut back, and the 
stream ran partly underground, as now in many limestone valleys, 
and only in flood ran along the channel of the apparent stream- 
course. More probably some, if not all, of the Cefn caves were formed 
much later, when the gorge was filled with boulder-clay, and the 
water ran into swallow-holes along the margin of the drift and rock, 

* See Whitaker, Geol. Mag. vol. ir. 18f>7, pp. 447, 483. 
t See Prestwich, Quart. Journ. Geol. Soc. vol. x. (1854), p. 222. 
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and part of snch a one became a sloping cave. In the submer- 
gence this cave cannot have been as nothing would make 
the current fall to open out vortical passages at the bottom of the 
sea. 

Caves of various ago occur along the limestone hills that bound 
the western side of the vale. Some are old lissiires oiiiarged and 
filled with various minerals, and heijig now o])en(id out again, as 
they arc brought wdthin the roach of surtacc-denudaiion. huch are 
the water-caves and lodes exposed by mining along th(^ northern 
slopes of Cefn Meiriadog. 

Eurther north, upon the coast at Llandulas, caves, now left high 
and dry in the cliffs above the sea, point to different geographical 
conditions there ; while a little inland the travertine below Cefn- 
yr^Ogof tells of the same process carried on to lat er times along the 
margin of the drift-covered hills. 

Crossing to the eastern side of the vale, the fissured cavernous 
limestone of Gwacnysgor and Dyserth has only less conspicuous 
caves, because there arc smaller areas of impervious beds above on 
which the water could collect in sti'eams. 

But near Tremeirchion the conditions arc more favourable. About 
half a square mile of limestone rising abruptly from the valley is 
surrounded on th ' east and noith and south by the Silurian hills, 
and the water in ♦. very little ravine where it touches the limestone 
tends to form swallow-holes and caves. The drift, too, overlaps the 
limestone and carries the water further on to it in places. When 
the gorge was deepened, the old caves were deserted, and the 
streams burst out at lo'v\er levels. 8uch caves are quickly choked ; 
for the hills arc steep, and there is much drift and loose super- 
ficial dchris being VN nshod down. 

One such ravine wl ich runs down from Y Graig by Ffynnon Bcuiio 
is full of caves on either >Some proba])]y wore tbnned when 

first the water touched thi ’ointed rock in the b(‘d of the little 
stream. Some in much later times were fed by swallow-lioles along 
the margin of the drift, which was and is still lieing c^aten back by 
surface-denudation. IS-one of these are neec'ssarily very aiieieut 
caves, as wo inferred the Plas Heaton and Cefn eaves must be. The 
upper cave, known as the Cac Gwyn ca,v(s was j)rohab]y fed by a 
swallow-hole on the margin of the drift above the uj)per entrance ; 
and from the lower cave yon can noAv look out at the sky above 
through an ancient swallow-hole which cauglit the water "off the 
drift-covered slope. 

In the valley of the Chwi] or, a little further south, we have an 
interesting proof that the waste of the limestone joeks and the 
formation of subterranean watercourses was still going on long after 
the sandy drift was formed. 

Near Caorwys Station, hchind the inn which takes its name from 
the white water of the pool, IVlJgwyji, tluTo is a Hc^ction through a 
great mass of travertine which has fason de])()Hited against a mound 
of drift. T})o travertine is shown io ])o ncAV(u* thfui the red sand 
and gravel, and to have been deposited against a stciop slojx? of it, 
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as they dovetail into one another, and lines of red sand seem often 
to have been washed far out on to the growing travertine. Where 
this drift overlaps the limestone it must be washed into the crevices 
and caves whi(di are being formed, as the result of the chemical 
solution of which wo see the j)roof in the dei)osit of calcareous tufa 
at Pwllgywn 


Part VI. 

The Gave-dei)Osits. 

The ago and manner of formation of the deposits in the caves is 
quite a separate question from that of the age and manner of for- 
mation of the caves themselves. 

As a general rule, we may say that the time of formation of caves 
was a time of destruction. Ever increasing streams were rushing 
into and through the cave as it was being enlarged, and of course 
but little deposit of that date could permanently remain. It was 
when the cave had been deserted by the streams that formed it 
that the age of accumulation of cave-deposits began. Por a long 
time it was still subject to overflow and fl.ood, and the earlier 
deposits always ran a great chance of being swept out. 

Such a cave, brought within reach of the action of the sea, would 
be soon cleared out, and every tide would swill it out afresh. 

When we try to fix the date of cave-deposits we must appeal to 
the same kind of varied evidence as that on which we base our 
classification of the sedimentary rocks in a natural system. 

We must from an examination of the district try to make out 
when it was that the local conditions first allowed any deposits to bo 
laid down in the cave, and establish their true order of succession. 

We must also examine the palscontological evidence. The 
deposit may be very recent, yet contain remains not now common 
in the area from which it was derived, as for instance when a district 
has been cleared of wood, and the land- shells and other forms of 
life have changed in consequence, the cave-deposit may tell the 
story ; we should find those forms of life that haunt the woodland 
succeeded by those that love the open ground. Without talcing such 
circumstances into account, and making duo allowance for habit and 
habitat, percentage is a very unsafe test in palaeontology ; still, when 
we are dealing with bone-caves in which great beasts of prey have 
gathered the remains of all the animals they fed upon, wo have the 
record of many of the forms of life that do not usually frequent 
caves, and we can compare the list with those drawn up from all 
the hones found in the ancient river-gravels and old marine deposits, 
and can tell whether they most resemble the older or the newer 
groups of life. In this way sufficient evidence has been collected 
to form a rough chronology to which we can api>eal in isolated eases 
for a date. 

Now let us turn to some of the caves in the same district, and 
SCO what we can learn from an examination of their contcuits. 

* See Maw, Gool. Mag. vol. iii. p. 253. 
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First, I will take Plas Heaton. This I exi>lore(l with the late 
Mr. John Heaton. The existence of the cave had been Ion" kno'VN n. 
It was exposed in opening a qiiarrj^ and the broken rock and fallen 
drift and rainwash round the mouth were by degrees removed. On 
removing an old wall built across the mouth by earth stoppers we 
. could then get in a little way. The slope of tlie soil M'as inwards 
at the eiid next the house, shoAving that the infilling of that part 
was chiefly from the mouth hehiud the increasing harrier of roetk- 
debris and washed clay. It rose again towards the far end. A 
large number of bones occurred in the first i>art, and the earth 
was excaA’ated and laid on tlie land. Among the hones were those 
of Hyaena, Dog, IVolf, Pox, Glutton, Bear, Badger, lleindeer, Sheep, 
and Babbit. 

The lower jaw of Glutton I picked up myself, as it was thrown 
out by a workman who was diggiug in the cave. Kot far from it 
were pieces of a large bottle, like a magnum, buried in the earth 
beyond where we could creep before the excavation bad commenced. 
These had probably been thrown in, and appeared to have got so 
far, partly by being carried on by the rain, partly because this 
part of the cave had rapidly been fiDed, and partly because the earth 
had been disturbed by badgers and other burrowing beasts. We 
found the skeletons of two badgers and two dogs all together in one 
place as if two hounds had got into a badger-earth and all had 
perished together. 

When this cave had been fiiriher excavated, bones became very 
scarce, and the cave ended off in a great mass of red clay with 
boulders, slipped masses and washed dcd)ris from the St. Asaph 
clay-drift, which lies above. Had we come first uy»on this cave by 
digging from the end still unexplored, some would have said it 
was a i^rcglacial cave, and that its mouth Avas sealed by Boulder- 
clay. 

In the deepest part of the caA^c, in the hollow between the accu- 
mulations drifted in from either entrance, there was a mass of very 
ffne chocolate-coloured clay, in places finely laminated. This was 
evidently due to the settling down of the fincu’ sediment washed in 
through crevices when the cave was nearly choked. 

When great storms no longer flood a cave, but the rain still 
causes a pond of muddy Avater here and there within it, we find 
that laminated clay is formed. No stream or Avind stirs the quiet 
water in the deep recesses of the cave, nothing but a falling 
drop breaks its smooth surface ; the mud settles doAvn, first the 
coarser, then the less coarse, and last the very finest. So as 
there is a parting of coarser material between every layer of fine, 
the result is a laminated clay, the thickness of each laycT depending 
partly on the depth and partly on the turbidity of the water which 
filled the hollows. 

The lamination is caused by the alternations of wot and dry 
weather; but as long as the basin does not vary api)reciably in 
depth, and the amount of sediment in the water is the same, the 
lamination must he approximately regular, whatever the intervals 
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between tbe periods of deposition may be. There is no necessity for 
calling in glacial action or any conditions different from what com- 
monly now recur in caves periodically invaded by muddy water to 
account for laminated clay. 

The Cefn caves were first described by Dr. George Gumming, of 
Dolhyfryd, near Denbigh (see ‘ IJandudno, A Handy Guide, &c.,’ 
by J. Price, p. SO). 

They have since that time been frequently noticed : — Stanley, 
Edin. New Phil. Journ. vol. siv. 1833, p. 40, Proc. Geol. Soc. vol.i. 
p. 402 ; Bowman, J. G., Brit. Assoc. 1836, Hep. Sect. p. 88 ; 
Falconer, Pal. Mem. vol. ii. p. 541 ; Anon., ‘ Geologist,’ 1863, 
p. 114 ; Dawkins, ‘Cave Hunting,’ p. 286. 

In a discussion before the Society (Quart. Journ. Geol. Soc. 
vol. xxvii. p. 410) Mr. S5’monds explained the manner of occurrence 
of the shells in those caves, and I stated that I inferred, from what 
I had myself observed, that they were all introduced with the rain- 
wash through fissures &c. from overlying beds of shell-hearing drift. 

The Pontnewydd cave, near Cefn, I described* some years ago, in 
conjunction with my friend Archdeacon Thomas. With regard to 
the traces of human handiwork we said : — 

“ On the whole, therefore, it would appear that we have fragments 
of the toughest stone of a country where suitable flint could not be 
procured, shaped like some of the undoubted flint implements of the 
caves of Dordogne, occurring in a cave associated with the same 
group of animals as that found with the French implements ; that 
these instruments are formed of fragments of felstono such as is 
abundant in the drift of the neighbourhood and in the cave-deposits. 
A portion of the original surface left on some of the implements 
shows that they were formed out of such weathered fragments. 
Unless, therefore, the fragments from which the implements were 
formed were brought by man from another and distant river- 
basin, they must have been obtained from the drift, and this is 
rendered almost certain by their being found associated with remanie 
drift mixed with tumble from the roof of the cave. Therefore 
they must belong to a period later than the glacial dispersion of 
the Snowdonian drift. Flint flakes and scrapers have been found in 

the cave ; and pieces of undressed flint certainly occur in 

the older beds (c), which would make it at any rate of not earlier 
date than the St. Asaph drift.” 

I have often worked in this cave since then, and added much to 
the collection and the evidence, but see no reason to depart from 
the conclusions at which we then arrived. I referred the bones to 
Professor Busk, who wrote to me as follows : — 

“ I have looked over the collection of bones and teeth from Pont- 
newydd cave, and find they belong to Hymna spelcpa, Ursus spelmm^ 
U, ferox, Equus cnhallus^ Bhinoceros hemitcecJiviSi Cervus elaphus, 
C. capreolus, Canis lupus, G. vulpes, Meles taocus, Homo sapiens, 
besides indeterminable or not easily determinable splinters, many of 

* Journ. Anthrop. Inst. vol. iii. 1874, p. 390 ; see also Brit. Assoc. Bep. 1881 
p. 700 ; Mackintosh, Quart. Journ. Geol. Soc. vol. xxxii. 1876. 
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which appear to be gnawed by Hyeena or Wolf. Some are rather 
less infiltrated with manganese than the others, but all appear to be 
pretty nearly of the same antiquity, not excepting the human molar 
tooth, which looks quite as ancient as the rest. It is of very large 
size, and in this respect exceeds any with which I have compared it, 
except one or two from Australia or Tasmania.” 

Here was a cave in which we could not only prove that the 
deposits wore postglacial, hut even that they were later than the 
marine drift which we call the St. Asaph bods ; and in these cave- 
deposits were remains of man — a human molar and stone imple- 
ments of the oldest type yet recognized in the caves of the Vezere 
(see figs. 1-8, pi. ix.). These are all of felsite, except figs. 7 and 8, 
which are of chert and flint. It would be very curious if we else- 
where, in the same district, found a cave which contained the same 
or a newer group of animals and traces of man^s handiwork, and 
which yet turned out to be of Pliocene or Preglacial age. 

A similar investigation recently carried on in the caves near 
Tremeirchion has led Dr. Hicks* to a different conclusion from 
that at which I had arrived as to the age of the deposits. Dr. 
Hickses graphic descriptions, which have been recently laid before the 
Society, render it unnecessary for me now to do more than call 
attention to the points bearing immediately upon the age of the 
deposits in these caves. 

Inside, and more especially at the mouth of, most caves there is 
a breccia, consisting of angular fragments which have fallen from 
the rock while the cave was exposed to changes in the amount of 
moisture and in the temperature. Sometimes the mouth is blocked 
by a perfect barricade of largo masses which have fallen from the 
face of the rock where most exposed. This was very conspicuous at 
Plas Heaton ; at Ffynnon Bcuno, however, the fragments were small. 
They are generally packed in cave-earth, some of which is the red 
earthy residuum of the decomposed limestone. In the Cae Gwyn 
cave, that is the upper cave of Ffynnon Bcuno, this limestone breccia 
contained a few bones ; and just within the upper mouth of the 
cave, under a projecting mass of rock which was removed with a 
view to making steps up to the surface of the ground outside, a 
flint flake was taken out from sandy clay in the interstices of the 
limestone breccia in which bones occurred. It was found under a 
mass of rock which nearly tonched the floor and had to be removed 
to facilitate operations ; and the place where it lay was more like a 
side crevice in the limestone into which it had been washed or 
worked down than part of the regular cave -deposits. A similar 
deposit extended under the sandy drift with boulders, as far out as 
the excavation was carried. 

I do not dispute the genuineness of the flake, nor question its 
occurrence in the cave. The animals found with it belong to the 
same group as that which is elsewhere undoubtedly associated with 
palasolithic man, and it would be enough if glacial deposits could bo 

* Nature, vol. xxxiv. 1886, p. 216 ; Proc. Geol. Assoc, vol. ix. 1886 ; Quart, 
Journ, Geol. Soc. vol. xlii. 1886, p. 3 ; Brit. Assoc. 1886, Rep. Sect, 
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proved to have sealed up a cave containing the remains found in the 
Ffynnon Beuno caves. 

But as a question of evidence, we must remark in passing that 
the flake and bones outside the cave occurred just where the swallow- 
hole must have descended which fed the upper entrance to the ui)per 
cave before it was quite choked up. 

The real point of interest is this : — the north-west end of the cave 
was blocked by drift, and what appeared to be part of the ossiferous 
cave-deposit extended over the ledge outside the cave and was 
covered by the drift. What drift was this ? 

Ileferring to the table of the drifts, p. 73, I first explain that it 
cannot be the Arenig Drift, because it contains flint and north- 
country boulders. It cannot be earlier than the St. Asaph Drift, 
which is marine-postglacial, and contains no scratched stones except 
those derived from the preexisting boulder-clay. 

This settles the first and most important question. Even if the 
cave were sealed hy the SL Asaph Drifts the deposits in it would not 
he preylaciah 

But can it bo the undisturbed marine St. Asaph Drift ? I think 
not, 1 have shown that the marginal deposits of that age, where 
they can be observed, are sands and gravels, such as we might expect 
upon a rocky shore, and such as we see now being formed along the 
North Wales coast — such as are seen up the very same ravine near 
the limestone rock between Y Graig and Cae Gwyn. 

The deposit outside the Cae Gwyn cave consists of fine sand with 
earthy patches and scattered boulders, of such a character and 
arranged in such a manner as would result from the working down 
the slope of surface-debris from the drift. 

The cave-deposits of Bias Heaton or Cae Gwyn cannot belong to 
the period of submergence ; for there is no great upsloping bank of 
shingle, such as may be seen in an}^ cave reached by the tide ; nor 
would such a sea-cave have been the haunt of man or of the 
hysena. 

It is quite impossible that whether during the occupation of the 
cave, or during a later submergence, the lashing waves on a rock- 
bound shore exposed to the north-west winds should not have swept 
away all loose debris into the fjord below. 

That is probably why we have not yet, and possibly may not in 
any such situation, find the cave-deposits of the age just before the 
submergence. Such a cave as Cae Gvryn would have been swiUed out, 
and the ledges in front of and around it swept quite clean by every 
tide, and the washed-out drift would have settled down in the 
depths below, beyond the reach of the wind-waves and shore- 
currents. 

If, then, the cave-deposits cannot have been formed before the 
submergence, because rocks first brought into the district during 
the submergence are found in the drift at the mouth of the cave, 
and debris from this drift is found in the cave, and if further, from 
the character and distribution of the cave-deposits, they cannot bo 
due to marine action during the submergence, it follows that they 
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must be referred to an age suhseqmnt to the emergence ; but how much 
later there is nothing save the palaeontological evidence to show. 

There has been no glacial action in the vale since the age of the 
emergence, when the Talargoch gravels were formed, nothing but 
the denudation by rivers and, on the higher slopes, by rain and sub- 
aerial degradation. And even if we must assign the palaeolithic 
remains in the cave to the age of the deposit that blocks the mouth, 
there is no reason why there should not be bones in a cave of the 
age of the submergence. On the contrary, there is a great deal of 
evidence of more or less value pointing to the occurrence of bones 
in these and similar marine-drifts. (See Hughes, Proc. Soc. Nat. 
Sci. Chester, pt. 3, p. 31 ; Strahan, Mem. Geol. Surv. Expl. Quart. 
Sheet 79, N.W. p. 33. In the Hessle and Kclsea Bods, see Phillips 
and Prestwich and other references given below). There is often a 
difficulty in making out what the beds are from which bones have 
been recorded (e. < 7 . Tindall, ‘ Geologist,^ vol. i. 1858, p. 493, vol. iii. 
1860, p. 119; Geol. Mag. vol. i. 1864, p. 142. In S. Stafford- 
shire, Jukes’s ‘ S. Staffordshire Coal-field,’ 1859, p. 207 ; in beds 
in which were also sea-shells, see Lister, oj)» cit. p. 162). An d 
if the drift that finally closed the mouth of the cave and overlapped 
the bones outside it is only the run-of-the-hill, we must remember 
that it is nothing new or unexpected that rainwash and limestone 
talus should contain the remains of palaeolithic man and other 
animals. On the slopes of Mont Saleve, south of Geneva, Hint 
flakes were found in abundance in such talus, associated with bones 
of reindeer, &c. 

But if ever we come upon Prcglachil caves wqmay expect Pliocene 
animals ; and if we find caves belonging to an age anterior to the 
great submergence, it is probable that the animals whose remains 
are found in them will belong to an older group than those found 
in deposits later than the submergence. 

We have not, however, an older group in the Pfynnon Beuno 
cave. We find there the animals of the newer postglacial gravels 
of the south and east of Englanu. We have h/. not 

E, antiguus, 11. tichorhinus not U. wegarhinv.s, O. tarandiis and 
C. megaceros not C. verticornis and O. JSedgwicHi. 

The list drawn up by Mr. Davies * is as follows : — 

hos or Eison. 

Cerviia giganteus. 

C. elaphus. 

0. capi'oolus. 

0. tarandiis. 
tkjuu.s caballiis. 

RJiinoreros tichorhinus. 

DJephas pri mi genius. 

(See: — Dawkins, ‘Cave Hunting,’ ‘Early JJan in Britain,’ 1880, 

• Quart. Joum. Geol. Soc. vol. xlii. (1880) p. 17. 


Felis leo, var. spelaea. 

F. catus terus. 

Hyjfina crocuta, var. spelaea. 
Cania lupus. 

C. viilpes. 

Ursus, sp. 

Meles taxus. 

Sus scrofa. 
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Quart. Journ. Geol. Soo. vol. xxiii. p. 108, vol. xxiv. p. 515, voL xxv. 
p. 213, vol. xxviii. 1872, p. 410; Bearles Wood, Quart. Journ. 
Geol. Soc. vol. xxiii. p. 394, Geol. Mag. vol. iii. pp. 57, 99, 348, 
398, vol. ix. 1872.) 

If, then, the drift that hangs upon the slopes above Ffynnon Beuno 
and chokes the mouth of the caves must bo later than tfio emergence 
which left the Talargoch gravels, what can it be ? It is not a 
river-deposit. If the Vale of Clwyd was ever filled from side to 
side up to that level b)’' the old western drift, that drift was cleared 
out during the submergence, and there is no reason for believing 
that the valley was ever so filled again. Thus there was nothing 
for rivers to have run upon at that high level. Its character and 


^ 12 :. 5. — View of Old Fence^ Ffynnon Beuno, 



arrangement also prove that it is not alluvium or the torrent-debris 
of the ravine. 

In the Bias Heaton cave the mass of drift overlying the north end 
of the cave is very like the upper St. Asaph Drift, and is probably 
derived directly from it ; but in the ease of Cae Gwyn cave I do 
not think this is the case. The material that 1 saw in the section 
close to the rock where the earth had fallen in did not appear to 
me to resemble any known section in the undisturbed St. Asaph 
Drift. It is quite unlike the great masses of red sand exposed here 
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and there in the Wheeler valley. There is nothing in the sections 
below the Mount or at Brynclwy at all resembling it. It is not 
like the drift of Wigfair Isaf or the variable deposits of W'igfair 
Uchaf, except in each case the obvious to]> few feet of rainwash. 
It is like the mixed mud and sand and gravel which we find every- 
where overlying the Bt. Asaph Drift, crumbling down the hill- 
sides and conforming to the slope of the ground. There is no 
sorting of the material, as we should expect if currents ran along 
the rock-face or waves dashed against it ; but there is, here and 
there, an obscure and gentle false-bedding from the cliff as of 
rainwash creeping down the slope. 

All over the slope above Ffynnon Beuno the superficial deposits 
are creeping down the hill-sides, hanging on every ledge and 
catching on every obstacle. Any old fence proves how rapidly this 
process is going on ; one such fence ran across the bottom of the 
field in which the northern end of the cave comes out, passing up 
to the edge of the precipice, about IG feet from where the drift fell 
into the cave. 

There we see (fig. 5, from a photograph by Mr, A. D. Walker) 
that the “ head,” or travelling talus, has been banked up on the 
upper side of the hedge, so that there is a fall of some 8 feet from 
the field on the upper side of the fence to the natural level below it, 
which also has been lowered by the general working of the soil 
down the slope. In the sketcli the stack of sods lies on the to]) of 
this old fence ; the tree grows out of the side of it. This super- 
ficial talus is the upp(^r part of what has been dug through at 
the upper mouth of the cave, ])eyond tlu^ two persons standing by 
the rails, yet it has not been distinguished as different from tliat 
which has by some been taken as part of the main mass of the 
drift : and rightly so, 1 think. It is all a reman ie mat(n-ial. 

If, after an inspection of the ground, any doubt remained as tt> 
the recent age of aome, at any rate, of the material which covered Ihe 
northern mouth of the cave, and which has been by some all 
equally referred to glacial drift, a more can.'fnl inspciction of the 
glaciated stones out of the mass sh uld dispel it. There were 
plenty of glaciated stones, such as may be found everywlieie along 
the flank of the hill ; but some of these, in addition to tlie more or 
less well-preserved glacial striuc, carried the deep, rough, irregular 
grooves of agricultural implements. The tilled soil and the rain- 
wash rapidly accumulate on ledges and against fences on the steep 
slopes of the Clwydian range. Bimilar terraces may be seen close 
by in the second and third field above the road cast of Brynbcdla. 

The absence of shells in any of these deposits, so far as negative 
evidence is of any value, may be explained on the supposition that the 
beds have been much modified, if not transported some distance down 
hill, by subaerial action. Fragments of shells are found not uncom- 
monly in the St. Asaph Drift, along the rivers Clwyd and Elwy, 
but not in the deposits about the Ffynnon Beuno caves. Moreover, 
the surface of the limestone fragments was decomposed in the 
drift outside the cave, leaving the less soluble bands sticking out 
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in sharp relief and showing a chemically fretted surface, not such 
as is soon on stones rolled in a current, though common on those 
found travelling in rainwash. This proof of the action of aci- 
dulated water makes it xuobahle that, had there been shells in 
that drift, tlu^y would have perished altogether, leaving no trace. 

The surface of the solid rock over and round the mouth of the 
cave was similarly weathered, and the deep undercut ledges are such 
as arc commonly found along all cliffs of the Mountain Limestone 
when exposed to chemical and ordinary subaerial weathering, and not 
rounded off by breakers or by ice-action. There was no trace of 
smoothing by ice. 

The scratched stones from the west prove nothing. There can 
have been no man or hyaena there when the ice-sheet from Snowdon 
and Arenig carried morainic matter across the Vale of Clwyd. 

There are no scratched stones among the rocks peculiar to the 
drift of the submergence. All the glaciated stones in that are 
derivative; they are washed from old Arenig and Snowdonian 
drift into the St. Asaph Drift and into the rainwash, and are 
being handed on still. On the coast at the present time they are 
seen, still retaining their striations, some distance from the drift 
from which they have been derived. 

We must remember, too, that the drift blocked only one end 
of the caves of Plas Heaton and Cac Owyn, so that there is no 
difficulty about the manner of occurrence of any of the objects 
except those in and under the drift at the upper entrance in each 
case. 


Part YII. 

Coticliision. 

To sum up, 1 offer the following tentative classification of the 
princi])al drifts of the Vale of Clwyd. i place the Talargoch gravels 
above the 8t. Asajjh clay and sands. Tlie surface of the ground 
at Talargoch is at a considerably higher level than St. Asaph, and 
mining-operations have proved the gravels to extend to a much 
greater depth than the level of the river below St. Asaph ; but the 
central parts of a submerged vfilley would not receive such rapid 
additions from the denudation of the surrounding area as would 
gather aloiig the shore. If we ever recognize the ecjuivalents of 
the Talargoch gravel near St. Asaph it will i>robably be, as sug- 
gested above, in the ux^por gravel and sand of the section south of 
&ynelwy. 


a.J.G.S. No. 169. 
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There have been many previous attempts to prove the occurrence 
of remains of Man in Miocene, Pliocene, and Glacial bods ; and 
before this it has been contended that certain cave-deposits were of 
preglacial age, because a mass of clay with boulders blocked the 
mouth — for instance, in the Victoria Cave near Settle, where a 
largo group of animals, such as occur elsewhere along with Man, 
wore found in beds overlapped by boulder-clay which had scaled up 
the mouth of the cave. It was at one time supposed, from wrong 
determination of a very obscure fragment, that a fibula of Man 
himself had been found among them ; and well there might have 
])oen, for they were paheolithic animals. I organized the committee 
for tlie cx])loration of tliis cave, and watched the excavation at 
intervals from its commencement, so T had every opportunity of 
forming an opinion as to th(5 age and mode of formation of the 
deposits ; and “ I hold that as the cliff fell hack ]>y wet- or frost, and 
limestone fragments fell over the cave-mouth, with ihora also came 
masses of clay, which sinc(^ the glacial times had laid in hollows in 
the rock above. We dug and found such there, and, more, I 
observed that the clay lay across the mouth, as though it had thus 
fallen, and not as if it came direct from glacial ice thai; pnslicd its 
way lathwait the crag in which the cave occurs. It seemed to have 
fallen ohli(piely from tlui side where the fissui’od rock more readily 
yiokhh to atraos])horic wasti^ so that it somewhat overlay the part 
immediately above the cave. On the inside the muddy wmter which 
collected after Hood, held back by all this clay, filled every crevice 
and the intervals between the fallen limestone rock, while still 
outside was the open talus of angular fragments known as screes 

Matatis we liavo the same story over again at Ffynnon 

Beuno. 

Man follow’’ed hard on the receding glaciers ; but before the icc 
filled our valleys there is as yet no evidence that Man had visited 
the north-western part of Europe or our island, if it was an island 
then. 

T do not for a moment deny the possibility or oven probability 
of our some day finding a cave which wa,s formed l)cforo the great 
St.-Asaph-»lrift submergence, or oven before the Grc'nt Snowdonian 
ice rode over the Yale of Clwyd on to the Cheshire plains ; but such 
caves ^\dll he few, and their ago hard to prove, for many will have 
been altogether destroyed by denudation, or will have got swilled 
out by marine and suhacrial currents, and no trace of their first 
iiihahiianis will have been left. The (piestibn is one of such great 
interest- that avo are justified in asking for very clear evidence in 
each casein which it is stated that human remains of great auticjuity 
have been found in caves. 


Victoria Inst., March 1879, 
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EXPLANATION OF PLATE IX. 

On Plate IX. are figured, natural size, the principal typos of implements found 
in Pontnewydd Cave. Nos. 1 to 6 are made of a greenish-grey felstone, pro- 
bably a fine compact ash ; no. 7 is of a black chorty material ; no. 8 is of flint, 
weathered a yellowish white. 

Figs. 1, 1 «. A roughly pointed, wedge-shaped, felstone implement on which, at 
the broader end, a large piece of the original surface of the stone 
remains, showing that it was manufactured from a drift specimen 
and not from rock in place. 

2, 2 a. An oval, double wedge-shaped felstone implement, resembling a 
form I have obtained from the cave of Le Monstier, but more 
common in ihe river-drifts. 

S, 3 a. Another of the same type as No. 1. 

4. A subquadrate, fiat, felstone instrument, ap})roacliing the common Lo 

Monstier form. One end of this specimen is covered with travertine. 

5. A quadrate, flat., felstone implement, of a (‘ominon Lo Moustiei* ty]M>. 

The corners appear lo have been u.<^ed ratlu'r tliaii the edges. One 
part of this specimen shows the original surface ol‘a drift stone. 

0. A rough fclslnne scraper ; the side not shown in the figure is nearly 
flat. 

7, 7 «. A flake of black cherty rock, might, be a Carboniferous eb(;rt. 

8,8 a. A curved scraper-flako of flint, siiowing the bulb of ])ercnssion 
and weathered t.o a yollowisli-white colour. 


Discu^ssion. 

Dr. Hicks said he was entirely unbiassed when he commenced his 
explorations in the caverns referred to, and would ghidly have agreed 
with Prof. Hughes \s views concerning tlio caverns in the Yale of 
Clwyd if that had possible. He had, liowover, found thnt all 
the facts were entirely opposed to the views advocated by Prof. 
Hughes, and consequently he was nnwilliiigly compelled to dis- 
agree with the conclusions arrived at ])y liiju. 'J'lie fnets wore per- 
fectly clear and hnd been accepted by every one wIjo bad visited the 
caverns, except by Prof. Hugbes. 'fbe latter did not sec the section 
at the Cae Gwyn cave until it was almost entirely closc.'dup ; and he 
had also confounded the mixed male ial placed against the femui by 
the men in the earlier explorations, as was evident from the dia- 
grams exhibited, with the undisturbed drift, and bad based some of 
bis arguments on this mistake and on an ice-scratclied boulder on 
which there was the (dearest evidence of its having been recently 
struck by a workmuii s pick. The fence -argument was valueless in 
any case, as it could only affect the surface-deposits and not those 
shown by the speaker to block up the entrance at a depth of 
20 feet. 

The Arenig Drift is not necessarily the oldest, in ])laces it may even 
be the newest, and it is known from well-sinkings to be underlain by 
sands and gravels like those at d alargoch, in which bomxs of animals 
similar to those found in tlie caverns were discovered. The speaker 
cited evidence from numerous areas to prove that the oldest drift 
contained northern erratics, and said that no hard-and-fast lines 
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could be made out in the drift of this area. Prof. Hughes’s Clwydian 
or St. Asaph Drift must certainly be considered the newest, as it is 
mainly remanie. It is situated at a low level between the im* 
portant rivers Elwy and Clwyd. The high-level drift at Cae Gwyn 
is a true undisturbed glacial deposit full of ice-scratched boulders, 
and may be correlated with the deposits mentioned by Mr. Strahan, 
in his Geological Survey Memoir, as occurring at so many points 
at a high level in this area. The paLneontological evidence shows 
that the caverns contained a large proportion of the animals found 
in the Norfolk Porcst-hod, which Prof. Hughes admits to bo pre- 
glacial. The absence of other forms would only show that they 
had probably not migrated into this area, hence this cannot be relied 
upon as evidence of difference in age. 

T)r. Hicks was perfectly convinced by the evidence found during 
the explorations that the caverns of Ffynnon Beuno and Cae Gwyn 
(the other caverns referred to by Prof. Hughes are nearer the 
great rivers and at a much lower level, therefore the evidence ob- 
tained from them is of much less value) must have been occupied 
by man and the animals before the climax of the ice age. Also 
that the thick stalagmite was formed during the ice age, that this 
was broken up by marine action during the submergence, and that 
the caverns were aff)or wards completely covered over by materials 
deposited from floating ice. The mammalian remains and the im- 
plements, he therefore maintained, must be considered as of pre- 
glacial age. 

Dr. J. Evans spoke on the difficulty of reconciling the views of 
the two geologists who liad spoken ; perhaps both wore right in part. 
He pointed out t hat a valley must have been cut when the upi)er end 
of the Cae (iwyn cavern was opened. In a case in Norfolk of sup- 
posed preglacial implements, the Boulder-clay beneath which they 
were found ])rovcd to be a remanid deposit. 

If the cave wore preglacial, either the glacial age in Wales was 
distinct from that in the east of England, or Man went away and 
returned again. The implement from Cae Gwyn resembles those 
of the upj)er deposits of Kent's Cavern. Now some of the imple- 
ments in the east of England are made of stones brought into the 
district by ice of the glacial period. We have also evidence that 
l*las Newydd cave is postglacial. It is improbable that similar 
implements are prcglaciiil in Wales and postglacial in the south of 
England. 

Prof. Boyd Dawkins said that he had evamined much of the 
drifts of Wales and Lancashire^, and doiibted if those of the Vale of 
Clwyd could bo distinguished from each other as clearly as Prof. 
Hughes contended. The interest attaching to the cave depends on the 
light which it throws on the relation of I^almolithic man to the 
Glacial period. After examining the fresh section he felt obliged 
to accept Dr. Hicks’s evidence. The drift above the place where 
the implement was found was, in his opinion, not remanie, but in 
situ. The fact that Paleolithic implements occurred in Postglacial 
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deposits in other caves in the acighhourhood did not ]>rovo that ih(‘y 
are of Postglacial age in this cavern, hecaiisf'. there is evidence iit 
Crayford, in Kent, that the river-drift man was Prcglacial in tlie 
valley of the Thames. Pahcolithic implements an; found over a 
wide area in the Old World — in the south of Euro]>e and nortli of 
Africa, in Egypt, Palestine, and in India ; and theii* distribulloji 
can only he accounted for hy the river-drift man having lived for 
a long series of ages on the earth, long enough, ijideed, to bo pro- as 
W'ell as postglacial. 

With regard to the Mammalia found in tlie caves of the Vale of 
Clwyd, nearly all Avere living in the eastern counties in the ])re- 
glacial age. There is clear proof (T) that the Pleistocene Mouimalia 
invaded Europe in the preglacial age; (2) that they anoto driven 
away from the British area by the results of the lowcning of the 
temperature and of the dcxnession of the land; and (M) that they 
returned aud occupied the British area after the retreat of the ice and 
the re -elevation of the land. They therefore afford no evidence as 
to the relation of the deposit in which they are found to tlic Glacial 
period. 

Mr. Drew asked Dr. Hicks at what depth (behind the fence) did 
the solid rock occur beneath the place whore there was noAV material 
tipped hy the worl: rnen. 

Dr. Hicks, in reply to Mr. Drew, said that the sliaft exposing the 
drift-section Avas at the furthest end of the cavern from the old 
fence. 

Prof. Carvill T/Ewis regretted not having seen the cave itself, 
though ho had examined the glacial deposits of the neighbourhood 
and of North Wal(;s generally. He was glad to henr that the vioAA^s 
of the speakers this eveniug Averc in favour of a sim])lilication of 
glacial phenomena. From a study of glacial d('})Osits in many 
])arts of Great Britain and Ireland, he had been led to hclicA^e that 
there had been only one adA ’ice of the ice and one retr(;at, one 
slight elevatioji and one sliglu submergence, and that the submer- 
gence in the non-glaciatod area Avas contemporaneous Avith the 
maximum extension of the ic(; in the glaciated area. There Avere 
throe main areas of local glacial dispersion in Wales, the glaciers 
from each of these being defined by terminal moraijies. But there 
was also satisfactory OAndonce that an ice-lohe coming from Scotland 
and filling the Irish Soa had impinged uj)on the extreme northern 
border of Wales, and ])assing over AnglesoA' and along tlio Avest side 
of the 8nowdonian mountains on the one side, and into (Iieshiro and 
along the east of the mountains on tho oilier side, ha,d pushed its 
terminal moraine against the liighlands and in the teet h of the 
opposing local glaciers. The latt er were both earlier and later than 
the northern ico-lohe, and the tAVo drifts were therefore often com- 
mingled. The line dividing the northern icc-lobc from the 8now- 
donian glaciers was close to the cave under discussion, and the 
massive deposits near 8t. Asapli were probably waslicd out of the 
common terminal moraine. The iindoubted marine deposits, full of 
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shells, which co\ er the lowlands of Lancashire up to 150 feet above 
the sea, also extended up the Vjile of Clwyd to the same level ; but 
much of the stratified material in this valley was remanie. Tor- 
rential freshwater actio Ji operating during the melting of the ice is 
an important factor not to be omitted in studying valley-gravel. 
Many l(aTace-de})Osits supposed to be marine are of freshwater 
origin and of late glacial age. 

The riiBsiDUN r insisted on the importance of carefully weighing 
the evidence adduced by the Autlioi', setdiig to Asdiat an enormous 
extent if was pro])OS(‘d to carry back the date of Man’s appearance 
on the earth. All thos(5 who had visited the open section seem to 
have regarded Dr. Hicks’s views as, at all events, tenable. 

Prof. Hue UBS exidaincd that the old hedge to which he referred 
was that shown in the sketch and ])hotographs which he exhibited 
(it was abouf- 1(> feet from the opening in the drift above the upper 
entrance), and that no material from the cave had been thrown by 
the workmen over the jiart opposite the upper entrance. The 
scratched boulder produced, with the marks of agricultural imjile- 
ments, was one of many out of the drift dug from before the mouth 
of the cave, and was the one given him by Mr. Luxmoore as a 
typical specimen of the boulders in the drift. Pontnewydd and 
Plas Heaton caves could hardly be said by any one acquainted with 
the district to be at a low level near the great rivers. He would 
refer to his pa])er tor the e\ddcnco in favour of his classification of 
the drifts, merely pointing out the difficulty of accepting Dr. Hicks’s 
correction that the Arenig Drift is not necessarily the oldest, though 
he allows that the St.. Asaph Drift must certainly ho the newest. 

He did not understand Drof. Dawkins’s suggestion that Man could 
have lived through many glacial phases, if he was s])etiking of the 
district under consideration. AVlien the xArenig ice covered every- 
thing, Man cannot have been there. He was not discussing the 
question wlietlier Man may have been in existence anywhere on the 
earth while glacial conditions prevailed in Wales, but only whether 
there was evidence that the cavc-dei)osits of the A^.ale of Clwyd v^ere 
proglacial or a little later or much later. He had shown that, 
according to tho best authorities, there an jis an earlier and a later 
Pleistocene group of mammals, and liad ])ointed out that the animals 
in the Dfyiinoii Deuno eaA'es belonged to tho newer. 

In reply to the rresident’s remark, he regj ctted that Dr. Hicks 
should, after his attention had been more than once called to the 
inaccuracy of tho statement, have again eudoavour(id to throAV dis- 
credit upon liis evidence on the ground that he had not had oppor- 
tunities of examining the sections. Dr. Hicks had no means of 
knowing how often he had visited tlu^ locality, hut had had the 
means of knowing from a printed report that he (Professor Hughes) 
had examined the caves, and proposed to explore them about a year 
before Dr. Hicks is supposed to have discovered thorn. Professor 
Hughes’s home was close by ; he had frequently visited the caves, 
and had on several occasions examined the drift that abutted against 



1^0 ON Tra DRIFTS OF TEE VALE OP CLWYI^ 

the rock in the section referred to by Dr. Hicks from the bared 
limestone at the base to the surface. Ho could assure the President 
that he had not brought the matter before the Society without 
taking pains to make himself thoroughly acquainted with the facts 
of the case. 

He was glad to have the concurrence of Prof. Carvill Lewis in 
the views he had put forward with regard to the sequence of events 
in Glacial times in Wales. 
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8. On the Dentitiok and Aepinittbs of the Sblaohiak Gbutts 
Ptychodits, Agaseiz. By A. Smith Woodwaed, Esq., E.G.8,, of 
the British Museum (Natural History). (Read Hecemher 15, 
1886.) 

[Plate X.] 

Notwithstanding the abundance of the well-known teeth of 
chodus in the Chalk of many localities, and the long list of specific 
forms that have already been recognized, very little information has 
hitherto been published in regard to the precise affinities of the fish 
to which they originally ap])ertainod. 8o rarely, indeed, are any 
of the teeth found associated in natural sequence, that it has been 
necessary to await the results of many years’ patient collecting 
before being able to pronounce a decided opinion ; but materials are 
now forthcoming for at least one further step in the determination 
of their relationships, and 1 therefore venture to offer to the Geolo- 
gical Society some account of the accumulated evidence. 

Since these interesting fossils first became the subject of scientific 
study, it has been almost the universal custom, as is well known, 
to refer the genus to the somewhat comprehensive ‘‘family ” of Ces- 
traciontidie. An early determination of Mantell it is true, resulted 
in the sugi^estion that they formed the dental armature of fishes 
allied to the Teleostean Diodons ; but the elaborate researches of 
Agassiz t, supported by Owen’s simultaneous investigation of their 
microscopical structure have always been cited as ample proof 
of the aliinity of tlnnr original possessor with the Cestraoiont Sharks ; 
and the deeply rooted tendency among palaeontologists to refer every 
isolated crushing-tooth to the same extraordinary group has also 
contributed to the adoption of this arrangement without serious 
question. 

But the original observations from which the inferences as to the 
systematic position of Pti/chodua were deduced are obviouslj^ of a 
very uncertain and inconclusive character. In the absence of any 
but scattered remains Agassiz was compelled to make use of sug- 
gestive appearances and probabilities rather than well-ascertained 
facts; and in framing his conclusions he particularly emphasized 
at least two of these leading ])ointB, In the first place, certain 
groups of teeth seemed to be so arranged that the smaller and more 
prehensile examples occupied an anterior position, while the more 
truly grinding-teeth were scattered posteriorly, thus indicating 
a disposition analogous to that of the living Cestracion ; while, 
secondly, there wei’e good reasons for suspecting that a number of 

* G. A. Mantell, ‘Fossils of the South Downs/ 1822, p. 281. 

t Jj. Agassiz, ‘ Reoherches sur les Poissons Fossiles,’ vol. iii. pp. 66-69, 
160-158, 162. 

X R. Owen, “ On the Structure of Teeth/’ Brit. Assoc. Bep. 1838, Trans. 
Sect. p. 140 ; and ‘ Odontography,’ pp. 67-69, pis. xviii., xix. 

Q.J.G.S. No. 170. 
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curious Ichthyodorulites ” also armed the dorsal fins of the same 
fish. 

Owen’s further evidence in a similar direction consisted in the 
remarkable resemblance between the medullary tubes traversing the 
dentine of the teeth and those to be observed in the teeth of Ges- 
tracion and Acrodus ; and in this particular it became obvious that 
there was a marked divergence from the dentinal structure of 
Rhyivchohntus {lihim) with which the peculiarities of mere 
external form sugge^sied comparison. 

The latter superficial resemblance has frequently been noted by 
subsequent writers f, and Dixon has even remarked i upon the 
possibility of the genus Bliy ncJiohatiis affording some clue to the 
arrangement of the fossil tcetli in the jaws. Tint until eleven years 
ago the three fundamental argumenf s of Agassiz and Owen remained 
unshaken, and it is only within this later period that comparatively 
satisfactory materials for studj’ ha\'e been forthcoming, l^rofessor 
E. 1). Cope was the first, in 1S75 §, to show that the supposed dorsal 
spines of IHychodus were really the ])aired fins of Teleostoan fishes, 
having discovered much more complete specimens in the Cretaceous 
beds of the Western Territory of Kansas. And last }'ear, in the 
Images of ‘ Science Gossip’ ||, I was able to demonstrate brietly that, 
the fossils upon which Agassiz based his conclusions as to the 
arrangement of the dental armature were likewise misleading, and 
that thercj w^as not the slightest agreement with the CJcstraciont 
plan. 

As regards microscopical structure, it seems possible to draw con- 
clusions from Owen’s observed facts somewhat difierent from the 
original inferences still generally accepted. And it is wnth a dis- 
cussion of the two latter questions, especially the first named, that 
the present communication is particularly concerned. 

In the prosecution of such an inquiry the fossils in the National 
Collection afibrd several important fragments of evidence, and of 
these it is proposed to olfer some detailed dcsci‘i})tions. Eiit the 
most beautiful and iristructivci specimen that 1 have the honour of 
bringing before the notice of the Society forms one of the fine series 
of Cretaceous fossils in the Erighton Museum, collected hy Henry 
Willett, Es<(., E.G.S. To the latter gentleman I owemy l)cst thanks 
for the opt)o]*tiinity of studying it in Jjondon and of utilizing it in 
the present investigation ; and 1 have also to acknowledge much 
kind help from Edward Crane, Esq,, F.G.S., Cluiirman of the 
Brighton Museum Committee, who first pointed out to me the fossil 
last spring. . 

^ R. Owen, ‘ Odonlograpliy,’ pp. pi. xxiv. 

t e,g. Pictet (‘ PaUoiitologic,’ 2nd edit. 1854, vol. ii. p. 2()r>) and Quenstedt 
(‘Handb. dor Petrefakteuliunde,’ 1st edit. 1852, p. J81). 

X ¥. Dixon, ‘Geology and Fossils of Sussex,’ 1800, p. 8(>1 ; 2nd edit., 1878, 
p. 890. 

§ E. D. Cope, “ Vertebrata of the Cretaceous Formations of the West (U. 
S. Geol. Surv. Terr., 187o), pp. 244 a-f. 

II Smith Woodward, “ Chapters on Fossil Sharks and Rays.— IV.,” ‘ Science 
Gossip,’ vol. xxi. 1836, p. 109. 
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Descriptiom o f Specimens, 

The detached teeth of Ptychodus are so familiar and have been so 
frequently figured, that nothing remains to be added to the pub- 
lished deseriptioiiR of tlu‘ir g(‘iieral form. Eut it will be convenient 
to anticipate slightly by rderrijjg to their originnl n^ialioiiy in ilio 
jaw. Each tooth was so placed that the large characteristic ridges 
and furrows had a transverse dij ection, As liile the ])orders parallel to 
these were conqdotely anterior and posti'rior. Judging I’roni the 
analogy of several roeont Selachians to which the genus is most 
nearly allied, the somewhat excavated and abrupt boundary of the 
crown was ])ostorior, while the more gent I sloping and overhanging 
border formed the front ; this is the int<‘rpretal ion adopted here, and 
in all our figures the anterior hoi-dor is directed do^vllwards. 

On examining the associated gr()u])s of tcetli, it at onee becomes 
evident that they were arranged in tlie month on two distinct, but 
yet closely similar plans. The first type, of Avliieh 1 have already 
published a sufficiently accurate diagrammatic skot/ch {ioc, cit.), is 
admirably elucidated b}^ the fossils in tlie British Museum ; and 
the second is equally well shown in Mr. Willett’s specimen, which, 
moreover, demonstrates llxat the two ari’an gem cuts wore oj)i)osod to 
each other in the dentition of the same individual. 

I. An interesting forerunner of the fossils revealing the first of 
these phins is a small example of /\ (henrnm, figured many years 
ago ill .Dixon’s ‘ (J oology ol Sussex ’ (plate xxxii. tig. 5); but this is 
scarcely complete enough to give any satisfactory clue to the entire 
armature of which it Ibrmed a part. Only nine teeth are shown, 
though these indicate jiortious of no less than four parallel rows, 
one represented by three components, and the remainder exhibiting 
but two. There is evidence of one series composed of relatively 
largo teeth, and the rows immediately adjoining lliis on either side 
are so completely alike in (Jiaracter and dimensions as to appear 
quite symmetrically disposed in regard to it ; while a still more 
diminutive scries alone remains to the left. 

II. But the specimen of greatest interest in this respect still re- 
mains undoscrihed, and is shown ot the natural size in Bl. X. tig. I, 
Its precise locality is unknown, and there is some ditiiculty in its 
specific determination ; hut it is evidently a close ally of F, dectirrens^ 
even if not a variety of that form. Tiiirty-four teeth have been 
disengaged from the surrounding chalky matrix, and of these no 
loss than twenty-three are shown in their natural order. There are 
remains of six parallel series, and the general appearance of the 
specimen is at once suggestive of symmetry about the row of largest 
teeth, which would thus he median when the dentition was com- 
plete. This series (o) is represented hy five of its components, 
and it is noteworthy that there is scarcely any variation in size as 
they are followed from behind forwards ; all, indeed, have approxi- 
mately the breadth of 0'02I m., and the length of 0 016 m.^ The 
series (j) immediately to the left of the median row is likewise 

All the measurements are given in decimal fractions of a metre. 
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repreBented by five teeth, but of its homologue to the right only 
four remain. These teeth also vary but little in size, and their 
average measurements are 0*013 in a transverse direction, and 0*01 
antero-posteriorly. Tliey are not adjusted to the edges of the inter- 
posed large teeth with any marked regularity, having no definite 
relation to the interspaces ; but each example appears to be slightly 
adapted in shape to fit whatever position it occupies. A second 
lateral row ( 2 ), similarly adapted to the outer border of the first, is 
indicated by six of its components to the left and by two to the 
right ; tlicsc arc still smaller in size than the others, measuring 
only 0-01 by 0-009 on the left, though the two corresponding teeth 
situated more posteriorly on the right are a millimetre longer, and 
thus square. A still smaller and somewhat oblique series (;?), forming 
a third lateral row, is represented to the right by a single tooth, the 
dimensions of -which are only 0-008 by 0-008. 

This specimen afibrds an excellent opportunity of observing the 
character of the surface-ornamentation of the teeth in different parts 
of the mouth, and entirely confirms the conclusions of Agassiz based 
upon scattered groups. There is no variation of importance, and 
such as would lead to the establishment of more than one species if 
the teeth were found detached ; and, except in size, the lateral teeth 
only differ from the median in being slightly Hatter, and, in a few 
cases, somewhat oblique. 

III. Another fossil in the British ISluseum that may perhaps be 
refeiTcd to the same jaw as the preceding, though quite as probably 
belonging to the op])Osing dentition, is also of considerable import- 
ance, and is shown of the natural size in PI. X. fig. 2. This is an un- 
doubted example of P. decurrens, obtained from the Chalk of Dorking, 
and forms part of the late Dr. Bowerbank’s collection (B. M., no. 
39134). Twenty-one teeth are jmeserved in their natural relatiojis, 
and these are the representatives of six ])aral]e] rows. The largest 
series, to the extreme right, is only indicated by a single one of its 
components ; but of the second row there are three ; of the third, 
six ; of the fourth, six and the impression of a seventh ; of the fifth, 
three; of the sixth, two; and on the back of the fossil there are 
several scattered examides of a seventh row (fig. 2, 7). In each of 
these rows there is exceedingly small variation in size, and the 
maximum transverse and longitudinal measurements arc as follow : — 


Series. Transver&t^ Measure. Aiitero-posterior Measure. 

1 0*023 0-017 

2 0-015 0-012 

3 0-011 0-009 

4 0-009 0-007, 

5 0-008 O*00G 

6 0-000 0*005 

7 0*005 0*004 


The teeth are slightly more displaced than in specimen Xo. II. ; 
but the irregular manner in which the components of one scries are 
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adapted to the next is again very evident, and there is the same 
slight accommodative variability in shape. The superficial ornamen- 
tation is also equally constant ; but there is a greater tendency to 
obliquity in all the teeth, this becoming observable even in series 
no. 2, and especially marked in the rows beyond. 

lY. A small example (fig. 3) of the same species from the Lower 
Chalk of Hailing, Kent, affords the first definite indication of the 
second plan of arrangement already referred to. Only nine teeth 
are shown in their natural relative positions, forming parts of three 
parallel rows ; but in the absence of further evidetice, the remarkable 
want of symmetry is a most perplexing characteristic. The middle 
series, represented by four of its components, is considerably the 
largest ; but in the two adjacent rows the teeth of the one side are 
notably smaller than those of the other, as shown by the following 
average dimensions : — 


Series. Transverso Measure. Antoro-posterior Measure. 

0 0*006 0*005 

1 0*014 0*010 

2 0*010 0007 


It is also noteworthy that iii the smallest teeth the peculiarities 
of the grinding-surface are somewhat abnormal, the peripheral 
granulated area encroacliing to such an extent upon the transversely 
furrowed portion that the latter becomes quite inconspicuous, 

Y. But a comijlcte explanation of this specimen is afforded by 
Mr. Willett's magnificent fossil from the Chalk of Brighton (PL X. 
figs. 4-l0). Like most of the other comparatively undisturbed re- 
mains, it is referable to the common P. dec.arrem^ and no less than 
thirty-four teeth are firmly cemented together in their natural rela- 
tions by slightly erystallino pyrites ; while seventy others were 
originally associatefl with this mass, though now detached in small 
groups and isolated specimens. 

Of the jaw already described, only seven teeth are cemented in the 
main mass, and these belong to the median and the first left lateral 
row ; but of the opposing jaw, hitherto entirely unknown, there are 
satisfactory remains of six longitudinal series, and certain detached 
fragments afford evidence of still more. Here, again, there is com- 
plete symmetry around a median azygous row ; and in describing the 
arrangement it will obviously be necessary to use the terms right 
and left in the opposite sense to that already employed in reference 
to fig. 1. 

The median scries is scarcely visible on the grinding- surface, only 
a portion of one tooth projecting through the hard pyrites ; but evi- 
dence of its presence is afforded by the distinct abrasion of the sum- 
mits of the opx)osing teeth, and one of its components is exposed on 
the back of tbe fossil, while two others are shown in a detached 
fragment. These teeth (fig. 5) are comparatively small, elongated 
antero-posteriorly, and, like those of the most diminutive row in 
specimen Xo. lY., are somewhat abnormal from the circumstance 
that the granulated ornament considerably encroaches upon the 
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aSaea usually oocupiad by transverse ridges and farrows, 
tooth is narrowed in front, the blunt anterior end fitting into 
tlib sH^ forked and broadened posterior end of its predecessor, 
^d the root is extraordinarily deep. 

In the series (fig. 4, i) immediately adjoining this median row on 
either side are arranged the largest teeth of the jaw, measuring as 
much as 0*025 in a transverse direction, by 0*010 antcro-posteriorly. 
These (fig. 6) are quite of the normal type, rectangular, not much 
elevated, and approximate!}’^ equal in size, so far as is indicated by 
the ten examples preserved. 

The second lateral row (fig. 4, 2 ) is represented on the left by 
seven of its components, and on the right by four. These teeth 
only attain the average dimensions of 0*01 0 transversely, by 0*013 
longitudinally, and there is little trace of obliquity : but a third and 
much smaller series, of which four teeth remain on tho left (:0, begin 
to exhibit a slightly rhomhoidal form, and in their fossilized state 
are directed somewhat backwards, llie latter have an average 
measurement of 0*012 by 0*01, and, like all the others of this jaw, 
do not exhibit any distimtt ti’accs of wearing. 

The main mass does not afford evidence of further lateral rows, 
though some are evidently broken a\N'ay fj'om oacli side. lJuf; a 
detached fragment of the fossil (fig. 7) shows thn'c exam])]es of the 
right row no. 3, fiaiiked outside with three members of a fourth 
scries, wliich are agaifi smaller and measure only 0*01 by 0 * 007 . 
These teeth are very oblique, and seem to have been followed by at 
least one, and pro]>ably more outer rows, though no certain proof 
is forthcoming. 

Of tho o])po.sing jaw, as already stated, only seven teeth are pre- 
served in their original positions, five of those re])resenting tho 
median series, and the remaining two belonging to the first, lateral 
row on the left. A detached median tooth (tig. S) also seems to fit 
in a hollow in the main mass, and this, being divested of all adherent 
pyrites, may he described as a very tyqucal example. It is rather 
larger than the largest in tho other jaw (fig. (>), and more trans- 
versely elongated : and the crown of the tooth has a remarkably 
conical form, iu consefiuencc of the depth of tho groove into which 
it is adapted to fit when biting. It measures 0*032 transversely, 
by 0*02 longitudinally, and the other corresponding teeth with worn 
summits are of approximately the same dimensions ; but two asso- 
ciated examples, evident]}^ just devclo])ed and never functional, are 
of somewhat greater size, having a breadth of 0*030 and a length 
of 0*023. 

The grinding- surfaces of the two lateral teeth in situ are obscured 
by contact with the cementing pyritous matrix ; hut there are several 
loose specimens, and one is shown from two points of view in fig. 9. 
The dimensions are considerably reduced, averaging only 0*020 by 
0*015 : but there is the same transverse elongation, and the crown 
is likewise much elevated. It is also noteworthy that the examples 
showing most <;vidont traces of wearing have a transverse measure- 
ment as much as four millimetres less than that of the newly 
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developed teeth of the same series, and there is a corresponding 
diminution in length* 

Eemains of a second lateral row are preserved in contact with a 
detached series of the left row no. 1 (fig. 10), and these are, again, 
smaller (measuring 0*016 by 0*012) ; but it is not possible to distin- 
guish with certainty any of the teeth originally placed beyond. 

Exactly as in the previous specimens — and as is to be observed 
in all associated groups of Ptychodont teeth — there is no remarkable 
variation in the ornament of the grinding-surface in difierent parts 
of the jaw (except in the small median row), and it is interesting to 
be able to determine that there is no difference in this respect between 
the upper teeth and the lower. 

Mr. Willett’s specimen also supports the conclusion, based upon 
the National fossils, that there is no regularity in the plan by which 
one row of teeth is adjusted to the next, and offers many good 
examples of the slight adaptive variability in shape. But there is 
one interesting fact in regard to this adaptation which is not so 
clearly deraonstratedin the majority of specimens, and which is worthy 
of a passing note, since it affords a method of readilj^ distinguishing 
‘^lefts’’ from “rights.’' The outer edge of every lateral tooth is 
more or less regular, being almost straight, and terminating anteriorly 
and posteriorly in a gentle rounded angle, while nearly all the 
modifications requisite to ensure the continuity of tho dental arma- 
ture arc provided by the variable inner edge. In very many cases 
the posterior inner angle is produced considerably backwards (e, g. 
fig. 9) ; but neither this nor the other adaptations a])pear to affect 
the extent of tho transversely ridged median area. 

A further point of interest in the Brighton fossil consists in the 
well-maikcd character of the ])rossurc-scars, produced — like those 
in tho teeth of rroboscidian Mammals — by tlie forward progress of 
the dentition during growth. They occur as small polished patches, 
exposing in section the minute medullary canals with which tho 
dentine beneath tho surface is everywhere traversed ; and, as might 
naturally be expected, they are most prominently shown in the older 
anterior teeth. Typical examples are shown in figs. 8, 9. Other 
teeth in the British Museum exhibit the same feature, though I 
am not aware of its having hitherto been noted, and scarcely any 
specimens show it so prominently as tho example just described. 

VI., VII. In tho light of the foregoing facts, it will he interesting 
now to attempt a revision of the various specific typos of the genus 
Ptgcliodus, and to endeavour to interpret the numerous associated 
groups of teeth that are already within the reach of scientific 
inquiry ; but such will be a work of considerable extent, and it is 
beyond the scope of the present communication to enter this 
untouched field. 

It may be worth while, however, to append sketches of the median 
teeth of two of the species, for comparison with those of P. dtcurrem ; 
and the originals of figs. ] 1 and 12 are such teeth, belonging to 
P. polygyrus and P. paudmlcatm respectively. In the former 
(fig. 11) the ordinary median area is reduced to a small conical 
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^Wmexiee with radiAting furrows ; while in the latter (fig. 12) the* 
eiaaie part of the grinding-surface is represented by about three very 
ihort, comparatively broad ridges, and the anterior granulated 
portion is marked by delicate branching grooves. 

VIII. A concluding note may also be added upon a large median 
tooth of P. demrrms (fig. 13), which shows the extent to which abra- 
sion sometimes proceeded before the final shedding. The scar caused 
by the opposing row of diminutive median teeth has assumed extra- 
ordinary proportions, and there are also three well-defined lateral 
marks of wearing. Two of the latter are observed on the left, and 
a larger one, connected with the median, is situated somewhat 
posteriorly to the right. 


Gondudons^ 

On taking a general glance at the fossils just described, and 
considering their peculiarities as mutually illustrative, it seems 
possible at last to determine the precise character of the dentition of 
Ptychodu,% at least so far as one species is concerned. The specimens 
numbered II. and Y. (figs. I and 4) show distinctly the plan of ar- 
rangement of the two jaws, and the other small fossil jS’o. III. (fig. 2) 
will obviously determine the number of parallel rows constituting the 
complete armature. Unfortunately, however, it is somewhat difficult 
to decide whether the latter specimen is truly referable to the jaw to 
which I supposed it to belong when my previously published diagram 
was sketched, or whether it rather appertains to the new type of 
dental arrangement revealed by Mr. Willett’s fossil. It is un- 
doubtedly an example of P. decurrenSy and the rows marked 1 and 
2 exhibit precisely the same relative proi)ortion8 as those similarly 
denoted in specimen No. IV. (fig. 3) ; while there is no transverse 
elongation such as is evident in the most fragmentary jaw of No. V. 
(fig. 4). The larger tooth, on the other hand, does not agree very 
well either with the original of fig. G or that of fig. 8 : but, on 
the whole, it seems most likely that fh ' former is its homologuc. 
Such being the case, there would be originally seven lateral rows on 
either side of the small median scries, and the o])posing jaw would 
almost certainly comj>riso an equal number. If, liowevor, tlie large 
tooth in fig. 2 is one of a median row, there will only have been 
six lateral series in each. 

Having determined so much, it requires but little study to demon- 
strate that the dentition is that of a true Hay, and docs not bear the 
slightest resemblance to that of the Cestraciont Sharks. Though, 
at first sight, the sj)ecimon No. II. (fig. 1 ) might suggest its apper- 
taining to a single ramus of the jaw— with the largest series in the 
middle, much as in the living Cestradon — yet the absence of all 
obliquity in the rows, and their completely symmetrical character, are 
features that at once forbid this interpretation ; and Mr. Willett’s 
specimen (No. V.) furnishes decided proof that such an idea is quite 
inadmissible. The two mandibular rami were thus placed almost 
in the same straight line, as is the case in so many of the living Rays, 
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and the symphysis (as usual in these fishes) produced no line of 
demarcation in the enveloping dental armature. 

This approximate determination of the affinities of Ptychodus^ 
indeed, seems to furnish a means of deciding upon the relative 
positions of the two jaws already described. For on examining 
recent Bays it will be observed that the contours of the dentition 
are nearly always slightly wavy, with a prominence at the symphysis 
of the lower jaw, and a corresponding groove in the upper ; and 
this relation appears to be quite constant throughout the group. 

There can be little doubt, therefore, that the lower jaw of the 
extinct genus under consideration was armed by the teeth so well 
displayed in the original of fig. 1, while the upper was provided, 
with the series most satisfactorily shown in fig. 4. 

But with regard to the family with which the Ptychodonts ought 
properly to bo associated, the dentition alone is insufficient to afford 
a definite clue. For among recent Bays the characters of the teeth 
are never of more than generic value ; and there is so much 
variation among the members of the same group that it is impossible 
to proceed beyond a hazardous speculation. Even so peculiar a 
dental arrangement as that of Myliobatifi^ for example, does not 
prevail throughout the entire family to which it belongs, since one 
genus {Dicerobatis) ai)pcars totally different and is armed with 
ordinary diminutive teeth, while another (Ceratoptcra) ])ossesse8 no 
dentition whatever in the upper jaw, and has nothing of importance 
in the lower f . Owen and others, as already remarked, have fre- 
quently noted the superficial resemblance of PtyclioduH to the living 
lihipielwhaius, and it is quite i)ossible that there may be some 
natural affinity ; but in this form the teeth are diamond-shaped, 
with the transverse ridges extending from corner to corner ; and 
their quincuncial arrangement and microsco])ical structure are 
serious obstacles to a belief in the suggested relation just mentioned. 
The arrangement of the teeth in parallel rows, crossing the rami at 
right angh^s, and their gradual diminution in size from the median 
series outwards, are features x)erhaps indicating some affinity with 
the huge Myliobatidyo ; and it is in proximity to these that I would 
venture to assign the genus a place. Unfortunately, however, the 
broken fragments of cartilage that constitute the only part of the 
skeleton hitherto discovered are not sufficiently i)erfect to yield any 
more definite information ; and it is (juite possible that we are here 
concerned with a rci)roscntativc of an extinct family as yet unknown 
to biological science. 

And, in arriving at such a result, it is impossible to omit a passing 
allusion to Prof. Sir Bichard Owen's supposed decisive argument 
in a different direction, derived from a study of microscopical 
structure. The distinguished author of the ‘ Odontography ’ 
himself has doubtless long ago abandoned the idea of being able to 
recognize fossil Cestraciont teeth from an examination of the pecu- 

* A. Gunther, ‘Catalogue of Fishes in the British Museum,’ vol, viii. 
pp. 434-498. 

t A. Gunther, op. cit. pp. 496-498. 
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Uarities of the vascular dentine ; and as such investigations failed 
to separate the Dipnoan Ctenodus and Ceratodus — and, still more, 
the Psammodonts and Petalodonts — from the Cestraciontida), it is 
not surprising that the}?- were likewise unsuccessful in correctly 
determining Ptyi^hodus, Microscopical structure, in fact, seems rather 
to depend upon function, and not so much on genetic relationship. 

In conclusion, the question arises as to whence Ptychodm came, 
and whither its descendants, if any, departed. For, so far as is 
at present known, not a trace of this generic type occurs in any 
deposits beyond those of Cretaceous age ; and no one has yet 
succeeded in discovering a Selachian tooth that is obviously a modi- 
.fication of the form so common in the Chalk. Mantell's Ptychodm 
Mortoni, it is true, is suggestive of an approximation to a more 
ordinary type of tooth, and it is not improbably one of the missing 
links required ; and a IBohemian example, described by Keuss * as 
P. trmngularis, is also worthy of special note for exactly the same 
reason. Put the progress of paleontological knowledge is necessarily 
slow and uncertain, and we are compelled to remain satisfied with 
the present slight advance,' while deferring the solution of these 
wider problems to a future occasion when still more materials may 
be available. 


EXPLANATION OF PLATE X. 

Fig. 1. Portion of lower dentition of Ptychodus, sp. (IJ. M., no. 40050.) 

2. Portion of upper (? ) dentition of J'. decurrem. (B. M., no. 30134.) 

3. Portion of upper dentition of P. dccurrcits. (B. M., no. 3S5r»4.) 

4. Portion of upper and lower dentition of I\ d.cciii'rens. (Collection of 

Henry Willett, Esq., F.Q.8., Brighton Musoinn.) 

5. Tooth of upper median series, found associated with the preceding 

specimen. 

fj. Toot h of u]iper scries 1, associated with original of fig. 4. 

7. Teeth of right upper sorie.s 3, 4, associated with oi-igimil of fig. 4. 

8. Tootli of lower median series, associated witli original of fig. 4. 

9. Tooth of left lower series 1, associated with original of fig. 4. 

10. Teeth of left lower series 1, 2, assot iaied with original of fig. 4. 

11. Tooth of upj)er median series of B. (JJ. M., no. i* 319.) 

12. Tooth of upper median series of P. paucimtlcafus. (B. M., no. 435^) 

13. Much-worn tooth of lower median series of P. dccurrens. (B. M. 

no. 33247.) 

B. M. = British Museum. All the specimens are from the Chalk of Kent and 
Sussex, and are drawn of the natural size, wdth the anterior border in each case 
directed downwards. 


Discussion. 

The President congratulated the British Museum on obtaining 
the assistance of so promising a young palaeontologist as the author 
of the present paper. 

Prof. Seeley expressed a high opinion of the paper. The subject 
was one of much difficulty, as was shown by its having baffied a 

* A. E. Eeuss, ‘ Die Versteiner ungen der bohmisclion Kreideformation,’ 
pt. i. (1845) p. 2, pi. ii. figa. 14-19. This species was subsequently referred to 
Acrodus by A. Fritsch, ‘ Beptilien und Fische der bohmisclien Kreideformation,’ 
1878, p. 16, fig. 38. 
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naturalist of so much knowledge as A^gassix. Theie was a fine 
series of specimens of Ptychodua in the Woodwardian Museum at 
Cambridge; but although these showed the linear and parallel 
arrangement of the teeth and apposition of the jaws, and although 
the method of wearing resembled that of the Rays, the subject 
had not been dealt with by any one so clearly as the examples in 
the Brighton and British Museums had been worked out by Mr. 
Woodward. At the same time Prof. Seeley thought there was still 
some question if Ptychodus was really a Skate. It was certainly 
the typo of a peculiar plagiostomous family. 

Mr. UnwTON pointed out that if the arrangement suggested by 
Mr. Smith Woodward was correct, the large teeth of the lower jaw 
ought to be worn on both sides, and those of the upper jaw on the 
inner side. 

Mr. Lydekker said he had described a dental jdate of a Myliohatis 
from tho Eocene of India which appeared to show an approxinia- 
tion in its contour to Ptychodus^, 

Dr. H. Woodward had not seen the Cambridge specimens, but 
noticed the very fine example from Brighton ; the specimen now 
exhibited showed portions of the teeth of* both jaws well preserved. 
He pointed out the absence of tho Costraciont prehensile teeth, and 
their replacement by cruBhing-teeth in Ptychodus, This was a 
most important observation of Mr. Smith Woodward’s. He thought 
the present discussion would throw some light on the peculiar 
crushing-teeth of Carboniferous Sharks. 

Tho Aittitor, in reply, said that in tho paper he had treated the ques- 
tion of attrition. The lower median teeth were worn not only on each 
side, but also on the summit. The evidence at present seemed to 
him to leave it doubtful whether Ptychodm was tho type of a new 
family or not. He agreed with Dr. Woodward that forms like 
Psdmmoihis would have somc^ light thrown on thorn by investigations 
into the dental arrangement of PtycJwdus. 
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9, ]N’ote on l^'iTHMFLTTEs ELEOABs, Sowcrhy^ md Other Ebglish 
Nummulites. By Prof. T. Eepert Jobes, F.E.S., F.G.S. 
(Eead December 15, 1886.) 

[Plate XI.J 

There being much confusion in the supposed relationship and 
published synonj my of Isummuliles clegans {Nummularia^, 8owerby), 
I propose to offer some remarks on the history of this species, more 
especially as less trouble would have been caused if 1 had taken 
more care years ago, and examined all, instead of only some, of 
Mr. Sowerby s specimens which have been associated with that 
name. 

Having just now seen (October 1886), for the first time, the 
“ Sowerby Collection ” at the British Museum (Natural History, 
Cromwell Eoad), I find that Sowe^by^s labelled specimens of 
“ Nummularia eleyans ’’ are really the same ' as my variety Fi'esU 
wichiana‘\- of Nummulites iilanulahis^ which the late Dr. Philippe De 
la Harpe regarded as a variety of N, wemmelcnsis Other 
specimens, however, which belong to true N. planulatus, were 
confused by Bowerby with his iV. elegans. 

Specimens labelled “ Nummularia elegans ” on the original card, 
No. 4^007 (1 ) in the Sowerby Collection,’’ are exactly such as come 
from the well-known bed “ no. 29 ” (at the base of the l^artori Clay) 
of Prof. Prestwich’s section of the strata at Alum Jiay, Isle of 
Wight, in the Quart. Journ. Geol. Soc. vol. ii, (1846), p. 257, pi. 9. 
fig. 1. One horizontal section among them matches one of Sowerby’s 
drawings in the ‘ Mineral Conchology,’ })1. 538, namely the 10th 
figure on the plate (counted in the order of the figs. 1, 2, 3), 
included in “ fig. 2,” and probably magnified two diameters. The 
other drawings in “ fig. 2 ” do not match the specimens from the 
bed no. 29,” but those referred to in the text (p. 76, vol. vi.) as 
having come from “ Emsworth,” and which are still in the Collection, 
and are so marked. These so-called “ Emsworth ” specimens 
evidently belong to N. plamdatus, such as is found on the Continent, 
as indicated by me in the Quart. Journ. Geol. Boc. vol. viii. (1852) 
p. 350, note. 

In 1852, Mr. James De Carle Sowerby, at my request, showed me 
the Emsworth ” {N. planulatus^ specimens at his own house ; but, 
not comparing the figures and text of the ‘ Min. Conch.’ at the same 
time, and not seeing the others (that is, the real N, elegans ” of the 
Collection), we did not discriminate the two sets of specimens ; and 
my note (Q. J. G. B. 1862, p. 92), written on the occasion, refers only 

♦ The generic term Nummularia used by Sowerby is an unnecessary synonym 
of Nummulites^ Lamarck ; and tlie reasons for preferring Nummulites to 
Nummulina are given in full in my ‘ Catalogue of the Fossil Foraminifera in the 
British Museum,’ 1882, pp. 90, 91. 

t Quart. Journ. Geol. 8oc. vol. xviii. (1862), p. 93. 

X Oatal. Foss. Foram. Brit. Mus. 1882, pp. 22 & 92. 
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to the N. planulatm (allocated to Emsivorth) alluded to in the text of 
the ‘ Mineral Conchology ’ at page 76, vol. vi. 

No locality is given for Sowerby’s real N, elegant (pi. 538, part of 
fig. 2), though its identity with specimens from Bed “no. 29” 
cannot be doubted ; and the mention of “ Ems worth ” is made 
incidentally for the other Nummulite, about the relationship of which 
Sowerby may well have been uncertain. 

In the British Museum (“ Soworby Collection ”) we find No. 44007 
(1) labelled “ Nummularia elegans, W. I). B.” There are several 
specimens mounted on a card. One is illustrated bj the 10th figure 
(part of “ fig. 2 ”) on pi. 53B, Min. Conch, vol. vi. (September, 1826*), 
and described at p. 76, under Nummularia elagans. 

No. 44007 (2) is the same, together with fragmentary shells, in 
a clay with glauconite and coarse quartz grairis, much rounded. 
This is evidently the glauconitic clay -bed of the Barton series, part of 
“ no. 29 ” of Prestwich’s Section at Alum Bay, Isle of Wight, 
Q. J. G. S. vol. ii. (184f)) p. 257, i>l. 9. fig. 1. 

As Bowerby’s elegans” is definitely the same iis Nummulites 
Prestwichiauus (var. oi' pJauulatus), Jones, of the bed “no. 29,’’ and 
as Dr. Ph. de la llarpc det/crmined some of these Barton (“ no. 29 ”) 
Nummulites sent to him to bo a variety of iV. wemmelensis, we have 
three names for this little fossil. If it be a species of itself, the name 
elegans would have priority of any other, unless the commingling of 
the two forms in the ‘ Mineral Conchology ' loc. cit. interferes with 
the value of the evidence of the original card with mounted speci- 
mens, labelled “ W. elegans ” by Bowerby. It is unfortunate that 
Mr. Bowerby at the same time referred some specimens of another 
species (previously described by Lamarck as Lcaiic\ilites plauulata ”) 
to his N, elegans, figuring them with it, and alluding to some of 
their features in his account of iV. elegans. Nevertheless it is easily 
distinguished both among his figures and among his specimens pre- 
served in the British Museum. Accepting “ elegans ” as subordinate 
to Yanden Broeck and Do la Harpe’s N. wemmelensis, we must 
replace the varietal name of Prestwichia na by that of elegans. 
Doubtless, in a zoological poini. of view, ivemmehnsls is itself a variety 
oi 2'>lanulatas ; and this latter, as De la Ilarpe puts it, is a subor- 
dinate member of the N. Murchisoni group, or, as I*rof. W. K. Parker 
and myself have regarded it, a variety of N. perforatus lower than 
complanatus and its allies f. Therefore elegans (^Prestwichia nus) is 
a variety of plamdatus in our sense ; but it is not advisable to ignore 
the specific value of wemmelensis^ on which Dr. De la Harpe has 
bestowed much careful research ; and N. wemmelensis, De la Harpe, 
var. elegans. Sow., is a correct denomination for the Nummulite 
under notice. 

To proceed : — 

In the “ Bowerby Collection ” : — No. 44007 (3) contains the 
individuals shown by the 9th and Ilth figures (part of “ fig. 2 ”) on 
pi. 538. No. 44007 (4) has the 6th figure (part of “fig. 2”) on 

^ For the exact dates of the parts and volumes of this work, see Professor E. 
Renevier’s note in the ‘ Bullet. Soc. Yaudoise Sci. Nat.’ 2 Mai, 1655. 

t See Ann. & Mag. Nat. Hist. ser. 3, vol. viii. pp. 233, 234, 
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63$. No, 44007 (5) has the 7th and 8th figures (part of 
2 ”) on pi. 638. These are said to be from Emsworth, near 
djadehestor, and consist of a siliceous shell-rook not otherwise known 
Ifi England. These specimens, Nos. 44007 (3, 4, 5), were those 
i^fhich I saw with Mr. Sower% in 1852, and understood to be 
M* elegans. l^cognizing them as N',phnulatm^ and probably /ord^rn, 
and, not seeing the others, I did not adopt the name elegam^ but 
designated the Barton specimens of bed “ no. 29,” in which I was 
then interested, by a new name. 

It will be well to mention that in plate 538 of the *• Min. Conch.^ 
the Nummuhtes Icevigatvs is illustrated by “ fig, 1 ’’ at the top ; 
variolarins by ^‘fig. 3,^’ in the middle; and N, elegans [and 
planvilatm^ by fig. 2,^^ at the bottom. Counting the figures 
individually, for convenience of detailed reference (as Do la Harpo 
does), fig. 1 ” comprises nos. 1-5, “ fig. 2 ’’ nos. O-ll,' and “ fig. 3 
nos. 12-17, counting in the order of figs. 1, 2, and 3; if in the order 
of actual position on the plate, the sequence would be difieicnt. Of 
“fig. 2,^ at the bottom, no. 10 is the real the others 

being J\ , phrmlat us at difierent stages of growth t, and from 3 to 
10 millim. in diameter. 


Elucidative Scheme of Plate 538 ‘ Mhiei'al Concholoc/y’ 
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* This hoi’izontal section, ditfering from any such on the “ Einsworth ” stone (on 
which, indeed, there are only one or two exposed), is like tliosc of the specimens 
from bed “ No. 29 ; ” and if magnified twice, as is probable, would be about 
mm. in diameter. 

t Such, for instance, as may be observed among a set of specimens of this 
species from Forets, near Bntssels, and elsewhere. 
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It may also be remarked that the labelled card, Ko* 44008 (1), 
with Nummulites variolarius (Lamarck), contains the specimens 
figs. 12th, 14th, and 17th (part of “ fig. 3 ”) of pi. 538, No. 44008 
(2) is N. variolarius. No. 44008 (3), N, variolarius^ contains the 
13th, 15th» and 16th figures (part of “ fig. 3 '') of pi. 538. No. 44008 
(4), N. variolarius, without a locality, is a calcareous lump of these 
little fossils, certainly from France, like the coarser of the two 
specimens from Betz, Dep, Oise, “ P. 969,” in the British Museum ; 
‘ Catal. Foss. Forarn. B. M.’ 1882, p. 38. 

1826. The description of iV^. elegans by James De Carle Sowerby, 
in the ‘ Mineral Concholog)",’ voL vi. p. 7 6, is as follows ; — 

NiTMMTJLARIA ELEGAIfS, Tab. DXXXTIII. fig. 2. 

“ Spec. Ciiar. Compressed, smooth ; whorls about six ; septa 
gently curved from the axis, numerous [alar prolongations of the 
chambers ] : aperture rather prominent. 

This differs from the last [iV^. Ja’vigatus ] in being smaller, in 
having fewer whorls, which increase more rapidly, and in the 
regular curvature of the septa. When young, it is very smooth and 
regularly lenticular. The large figure [iV^. -p^armlatKs] shows several 
series of diminishing chambers, as mentioned in the observations 
upon the genus [pp. 73-74]. 

“ A siliceous stone occurs at Emsworth, near Chichester, that 
contains among other shells an abundance of these Nummulites 
[iV. planidatas\ filled also with silex, the other shells are too 
imperfect to ascertain in our specimens. 

“ It is an intermediate species between Lenticulina and Nummu- 
lites of Ijamarck.” 

In this description some features of N, planulafm are confused 
with those of elegans itself. 

The Emsworth stone r(ff(5rred io consists of siliceous internal 
casts of Mollnslcs (Bivalves and Gasteropods) and Nummulites, with 
siliceous cement. This last was sandy, and contains some glauco- 
nitic grains. 

Inquiring of Prof. Prcstwich in 1882, about this “Emsworth” 
stone, I was favoured with a letter in which he informs me that he 
has “ searched in vain for the section with Naminulhes Emswortli, 
and that it may have been in a small tem])orary pit in a lane. The 
place itself is on the [lower] London Clay.” (‘Catal. Eoss. Eoram. 
Brit. Mus.’ 1882, ]>. 24.) 

“ The village stands in greater part on Chalk and Gravel ; but on 
the outskirts southward it j)asses on to the Lower Tortiaries, and 
possibly to the Bognor Beds ” (Prof. Prestwich, November 10, 1886). 
A well, therefore, may reach some Lower Tertiary beds ; but no 
siliceous fossils are known in them. 

Prof. Prestwich, however, has suggested to the author that, as 
very little is known of the “ Bognor llock,” and nothing of its 
lower portion, it is just possible it may possess some peculiar stratum 
holding N. planulatus; and that this would be such as on the 
Continent occupies the horizon equivalent to that of the London 
Clay, including the Bognor Eock. 
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In the * Proceed. Geol. Assoc.’ vol. ii. (1872) p. 158, Mr. Caleb 
Evans referred to this Nummulite, described by Sower by and found 
at “ Emsworth Common,” as possibly indicating the presence of the 
“ Bracklesham Series ” at that place, about 3 miles to the east of 
Portsdown Hill. 

Mr. Clement Eeid, F.G.S., who is also well acquainted with the 
country near Chichester and Havant, writes me (Oct. 23, 1 880), in 
replj" to inquiries : — “ I have referred to all the maps, but cannot 
make out how any Nummulite rock can occur m sifii at l^ms worth. 
It may, however, be possible that Sowerby is right ; tor having 
worked within two miles of Emsworth, I find tliat as the Chichester 
synclinal is a good deal sharper than on our old Geological Survey 
map, Bracklesham beds may occur near Emsworth. There is another 
possilde explanation, namely, that Sowerby’s specimen was from an 
erratic block. There are several blocks of liognor Eock scattered 
over the country.” 

Mr. Keeping, in a letter dated November 25, 1880, says — ‘‘The 
strata at Emsworth are Loudon Clay and Woolwich beds ; so we may 
be certain that the occurrence of the Nummulite is a mistake.^’ 

In the British Museum, the lat-e Mr. F. hi. Edwards's collection 
contains several loose specimens of both N. PrefsiwicJiianns and 
N, variolarius^ labelled as having come from “ Emsworth ; ” but this 
is exceedhKjhj douhtftdf for they and the small Molhisks and other 
fossils with some of them have every appearance of specimens from 
Barton and Ilighcliff. 

1837. Il.Galeotti, inhis “Memoire sur la. constitution gcognostique 
de la Province de Brabant” (Mem. couron. Acad. U. B(‘lg. vol. xii. 
1837, p. 141 ), quotes “ JS'intiniullaa eletjam^^ nobis et Soweiby, Min. 
Conch. pL 538. tig. 2,” as occurring at Forets, Jette, and Laeken, in 
Belgium, and at Barton ! 

184(). In l.^rof. Prestwich's memoir “ On the Tertiary Formations 
of the Isle of AVight,” in the Quart. Journ. Ocol. 8oc. vol. ii. at page 
254, bed no. Id at Whiteclift* Bay is said to contain Ntmimid if es 
eler/ans'^ (the Eev. (). Fisher regards this as ]>ro))a])iy being A\ 
larius, Q. J. 0. 8. vol. xviii. j). 70 ; ana it is near the ])osition of 
Mr. Keeping's PrestimcJuamis-hoxl, sec p. 145) ; beds nos. 14-12 
to contain N, la^vigatus ; and bed no. 11 to contain iV. elegans and 
scaher (referable to N. variolariHS and N. h.vvigatvs). At "page 257 
the bed “ no. 20 ” at Alum Bay is said to have W. l(n>ig<ttus and 
W. elegans. Here the latter agrees with Sowerhy’s determination 
(see above) ; whilst the former species may" occur lower down in the 
Bracklesham portion of the bed “no. 20,” but it is doubtful*. 
Mr. Keeping states that AT. variolanus (or a thick Prestwichianiis) 
is met with in Mr. Prestwich’s “ no. 20,” in the upper portion of 
the brown part, and the flattened form midway between this and 
the base of that clay (Letter, November 25 & 20, 1886). 

1848. In BroniTs ‘ Letbaea geognost., Index palmontolog.’ vol. i. 

* I did not not© this species in Mr. Prestwich’s collection from Alum Bay in 
1852 (see page 147). 
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p. 628, Sowerby’s N, etegans is referred to Lentimlites planulata*^ 

Lamarck, with doubt. 

1850. Dixon’s ‘ Geology of Sussex,’ &c. Ist edition. 

P. 85. Nummularia variolaria^ Sow. Min. Conch, t. 538. f. 3, 
Stubbington; common. 

P. 85. N. elegans^ Sow. M. C. t. 538. fig. 2, Alum Bay, Isle of 
Wight; rare. 

P. 85. N, radiata (Montfort), Bracklosham ; rare : pi. ix. fig. 7 ; 
this is N, variolaHa with some of its septal lines raised externally. 

Mr. Sowerby himself drew up this list, and applied the name 
‘‘ elegans ” to the specimens from Alum Bay then under notice, 
having already given that name to the same species from the same 
2 )lace in 1820, though unfortunately mingled with others {N, plan^ 
ulatus) in the description and figures. 

1850. In his ‘ Histoire des Progres do la Geologic,’ vol. hi. (1850), 
p. 236, M. d’Archiac states that, in Sowerby’s pi. 538. fig. 2, “ les 
figures do droite, de gauche et la coui)e du milieu,” named “ elegans’^ 
may be “ N. 'idanulata ” ; and at p. 240, that in fig. 2 “ les trois plus 
petites seulement ” are “ N, i>lanulatar These three smallest figures, 
however, really comprise two oi pJanulatus and one of elegans* 

1852. In the (iuart. Journ. Geol. Soc. vol. viii., at j). 350, Sir 
Charles Lyell added this note to his Memoir on the Belgian Tertiary 
Pormations : — 

“Mr, T, llupert Jones informs mo that the Nummulite figured as 
JSf. elf’gans in the ‘ Mineral Conchology ’ from specimens marked 
‘ Emsworth, near Chichester,’ and which Mr. J. de C. Sowerby has 
kindly permitted him to examine *, is (as suggested by M. d’Archiac, 
Hist. Progr. Gdol. vol. iii.) undoubtedly the plamilatm of conti- 
nental geologists. It is probable, therefore, that in that part of 
England where the Bracklesham bods with N. Imvigatm are so 
largely develo]:)ed, strata characterized by N. planulatus also exist ; 
and it is highly desirable that their relative position should be care- 
fully studied.” 

The succession (downwards) of the ITummulites in Belgium is 
stated in Sir C. Lyoll’s paper, op* cit, pp. 279 and 349, to be: — 


Sables moyens, 
ou Gres de 
Beauchamp. 

N. Imvigatus. | | Bagsliot and 


= upper part- oi 
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ifrossier. J 


Sables inf6- ) 
rieurs, Sables J 
Soissonais, 
partie supe- | 
rieure. 




f Paniselian? 
N.pUmOatusA “"‘‘ypP: 


[Not in Eng- 
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1854. D’Archiac and J. Haime, in their ‘ Monogr Nummulites,’ 
&c. (1853-54), p. 143, refer to Sowerby’s N* elegans, ‘ Min. Conch,’ 
vol. vi. (1829), p. 76, pi. 538. fig. 2, as N. planulata, var. a, pi. ix. 

* Had the Alum-Bay specimens, also labelled “ A. elegans** heen examined 
at the same time, this name would have been retained for them, 

t Unless in an unknown stratum of the “ Bognor Bock ” (see p. 135) 

Q.J.G.S. Ho. 170. L 
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figs. 10, 10a~c. At p. 146 they properly refer to Sowerby's fi^^. 3 
as A', variolaria, aud figure it in pi. ix. fig. 13, 

1854. In Morris’s Catal. Brit. Foss. 2nd edit. p. 38, A. eJegans^ 
Sow,, is placed under Niimmulites planulatus, Lam, 

1862. The Rev. O. Fisher, in his Memoir “ On tho Bracldesham 
Beds,” Quart. Journ. Geol. Soc. vol. xviii., allocates Kummuhtea 
variolarius^ Icevigatus^ and FrestwicManm to their several beds of the 
Bracklesham and Barton formations, at pages 07, 70-84, and says 
(p. 84) : — “ At ^Uum Bay the greater part of the fossiliferous beds in- 
cluded in 'No, 29 of Mr. IVestwich’s Section (Quart. Journ. Geol. Soc. 
vol. ii. pi. 9) may be correlated satisfactorily with those usually known 
as the Barton and Higheliff series. There is a well-known and marked 
seam of dark green sand}^ clay, contaiuing abundance of JS'urnmulina 
PreshvicMana, It contains Barton forms ; and therefore we may 
safelj^ carry the Barton series down so far, though it is lower in 
series than any bed from which fossils have hitherto been collected 
at Higheliff. The same Nummulite-bed occurs there also ” (see 

p. 87). 

1862. At Whiteclitf Baj^ part of the ‘ Ao. 17 ' of Prof. Prestwich s 
section, Quart. Journ. Geol. Soc. vol. ii. ]). 254, and of the xix. 
of Mr. 0, Fisher’s section, Q. J. G. S. vol. xviii. pp. 69 & 70, is 
regarded by Mr. Fisher as the equivalent of the green bands which 
form the base of the Barton beds at Highclifi* and Alum Bay, and 
these contain the Nainmidina ^lamilaius [wf inmdmsh]^ var. FresU 
wichiana, 

1862. Quart. Journ. Geol. 8oe. vol. xviii. pp. 93, 04. Appendix 
B to the Rev. 0. Fisher’s memoir “On the Bracklesham Beds.^’ 

Note 0)1 Afmmultna planttlata, Lamarck, sp., var, Pkest- 
wicHTAXA, Jones. By T. Rupert Jones, F.G.S. 

“This little Aumraulito is discoidal, smooth, and fiat, rarely in 
any degree biconvex, even in the young state, unless tho outer whorl 
has been fiattened by pressure ; about diameter, and 

■y^th in thickness. The gently sigmoid and semitranslucent edges 
of the sc^pta appear at the 8urfi"^-o, and but seldom l ise above it 
(exce])t when the specimens are mechanically compressed, which is 
a common condition). The Tvhorls (three [four ] in large specimens) 
are all visible in empty shells made transparent by Avatcr or Canada- 
balsam ; they are proportionally wide for JVimimulinn (the outer 
whorl making half [ ^]th or ^th] the width of the disk). The chambers 
are about half as long as wide, neatly curved, but siilqect to irregu- 
larity of growth. Tho lateral portions of the chambers, though very 
shallow, are continued over the surface towards the centre on each 
face, and are rather straighterin old specimens than in the young [?“|. 

“ This neat and delicate variety of NnmrtmJina 2 danulaia^ Lamarck, 
sp., has long been known in a clay containing much green sand, at 
Alum Bay, Isle of Wight (lower part of the bed ‘Ao. 29' of Mr. 
Prestwich’s Section, Quart. Journ. Geol. Soc. vol. ii. p. 257, pi. 9. 
fig, 1) ; but it has not hitherto been described It is near to MM. 

♦ The writer did not then know that Mr. J. Be O. Sowerby had included this 
Nummulite under the description of A. elegans in the Min. Conch, vol. vi. p. 76. 



AND OTHER ENGLISH NlTMMULITES. 




d’Archiac and lEaimcs NiimmuUtes plaiiidata, var. a, from Jette 
Belgium ; but llio latter has a biconvex centre (o])akc when mounted 
in balsam), has narrower whorls (in the proportion of 1 to 4, instead 
of to 4), and grows to a somewhat larger size. To distinguish 
our variety (which characterizes a well-marked geological zone), 1 
propose to give it the name of Prestwlchiana ; and, as the smiill 
biconvex variety of N, planulata passes binomially as N, variolaria, 
BO this small dei>re8sed variety of the same species may be allowed 
to stand on a similar looting, and be known as iVi Prcstwicliiana, 

*‘ln the sandy clay-bed at Alum Bay the shells of this little 
ISTumraulite are very numerous, and often well preserved, but not 
unfrequently much crushed by jnessure. In many specimens, 
especially large ones, the chambers are occupied by iron -pyrites ; 
and neat casts may be obtained by carefully dissolving the shell in 
weak dilute acid. In the clay at High Cliff the shells are not so 
numerous, are very much compressed, and so highly pyritized that 
they are readily destroyed by the atmosphere.’’ 

It may be added that even in the smaller specimens the alar 
chambers though “ radiate ” are not straight, but curved ; and in 
the largest individuals they become “ sinuate ” ; therefore this form 
is one of the “ sinuo-radiatos ” 

18(>3. Ill a letter dated ^^'ovember 9, 18G3, the llev. 0. Fisher 
wrote : — 

‘‘ This N. PrestwkMctna seems to range over what I have taken 
as the junction of the Bracklosham and Bartons. At Alum Bay the 
forms with which it occurs arc Barton forms, while at Hunting 
Bridge it lies at the bottom of a thick bed of Bracklesliarn fossils.” 
He also refers to N. variolaria^ a species of tlio Barton scries, as 
occurring at King's-Garden Gutter, Xew Forest (“Brook,” F. 
Edwards), “ rare, but persistent. ’’ 

1873. Ann. & Mag. Nat. Hist. ser. 4, vol. xvii. ]). 280. Among 
some fossil Nummulites dredged up in the Ihiglish Channel, N. 
PmstfdicJiiana was met with, and it is noted that this last form was 
described in the Quart. Journ. Geol. 8oc. vol. xviii. pp. J)3, 94, as 
jN'. j}l(umlata, var. Prestwichlanay and possibly may be essentially 
the same as -ZF. planulata, var. a. minor, d’A. & H., which occurs at 
Jette, in Belgium.” 

1878. Dixon’s ‘ Geology of Sussex,’ &c., 2nd edition by T. B. 
Jones. 

Page 172. Nummulina variolaria (Lamarck). Strongly ribbed ; 
pi. ix. (10), fig. 7. 

Page 172, note by T. B. J. : — 

“ Nummulina elepans. Sow. ‘ Min. Conch.’ t. 538, referred to at 
p. bo in the First Edition, was [in part] originally described from a 
specimen said to have come from a well t at Emsworth, near Ports- 
mouth. It is not known anywhere else in England. The figured 
specimen [11th figure in fig, 2 of the plate] closely resembles sjjeci- 

* Ann. & Mag. N. H. ser. 3, vol. v. p. 109, vol. viii. p. 115. 

t I do not know where I learnt tliis fact; perhaps Mr. Sowerby gave me 
the information. 

l2 
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mens from Belgium. N, Prestwichiana (Quart. Joum. Geol. Soc. 
vol. Kviii. p. 93), from the junction-beds of the Bracklesham and 
Barton series at Alum Bay, may have been mistaken for [on the 
contrary, was correctly given by Mr. Sowerby as] iVl elegans in the 
catalogue at p. 85 of the Pirst Edition.” 

1879. Writing (October 1, 1879) about some English Nummulites 
which I had sent to him, Br. Philippe Be la Harpe explained his 
views about Nummulites wemmelensis, and the variety Prestwichiana^ 
which latter I now refer to Sowerby’s elegans ; and he stated that of 
N, wemmelensis (which, though rare, occurs at Brussels, Jette, Wem- 
mel, Laeken, Ghent, and Briendereck in Belgium) he recognized the 
following varieties : — 

1. Typo: size 2-3 millim. ; shape irregularly lenticular, with 

knob in the centre ; surface smooth. Wemmel and tTette. 

2. Var. plicata: size 1^,-2 millim.; shape lenticular, with de- 

pression in the centre ; surface plicated. Ghent. 

3. Var. granulata : size 1-2—2 millim. ; shape flat, surface granu- 

lated. Brussels, Park St. Gilles. 

4. Var. minor ; size 1 millim. ; lenticular, smooth, regular. 

5. Y or, Prestwichiana \j=^elega'ns~\x size 1 -2 millim. ; flat, smooth, 

regular. 

The spire is very nearly the same in all the varieties ; the last is 
always much larger than the foregoing whorl. By its variations 
this species has affinities with JV, variolarim^ with Assilina^ and with 
Operculina 

In the ‘ Catal. Eoss. Foram. Brit. Mus.’ 1882, pp, 91-93, I 
stated that ‘‘ the proposed specific name ‘ N, wemmellensis ’ for the 
typo to which my ^ AT. planulata, var, Prestwichiana ^ evidently 
belongs, had such strong justification, that I acceded to the accep- 
tation of ray friend Ernest Yanden Broeck’s suggestion. Still, for 
convenience, the term ^ Prestwichiana ' has been frequently entered 
in the Catalogue, as a synonym.” It seems now that elegans has 
priority, if not over wemmelensis^ yet over Prestwichiana as one of 
its varieties. 

This Prestwichiana or elegans is one of the Nummulites which 
have a large primordial or central chamber, N, wemmelensis also 
having the character typically. 

In Belgium the late Be la Harpe found eight species, consisting of 
four pairs of Nummulites, one of each pair having a very small, 
and the other a large central chamber, thus : — 


Small central chamber. 

1. N, planulatuSi Lamarck 

2. N. IcBvigatuSt Lam. (Type and va- 
rieties BcaheTy rotula^ globulariits), 

8. N, Hd)ertiy d’Arch 

4. N, Orhignyi {Operculina, Galeotti). 


Large central chamber. 

’ N. elegans. Be la H. (nos. 9 and 11 
of Sowerby’s fig. 2. pi. 538). N. 
planulatus, D’Archiac. 

N. LamareJei, d*Arch. 

JV. variolarius, Lam. 

’ N. wemmelensis, Yanden Broeok (« 
iV. planulatus, var, a, vel minor). 


See Be la Harpe’s letter in the 'Catal. Foss. Foram. Brit. Mus.’ p. 92. 
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Among Nummulites in general, the same pairing of species holds 
good, thus : — 


Central chamber 


Small. 

N. perforatus. 

N. Brongniarti. 

N. complanatus. 

K. gizensis. 

N. contort us. 

N. biaritzeusis. 
Assilina exponens. 
A. spira. 

See Catal. Eoss. Eoram. 


Large. 

N. Lucosanus. 

N. Molli. 

N. Tchihatcheffi. 

N. curvispira. 

N. striatus, 

N. Guettardi. 
Assilina mamillata. 
A. subspira. 

Mus. pp. 92, 93. 


The constant association, in the same strata, of large individuals 
with a small, and small individuals with a large central chamber, is 
more fully treated in Dr. Ph. De la Harpe’s “ Memoir on the 
Nummulites of Switzerland’’ (Mem. Soc. Pal. Suisse, vol. vii. 1881), 
at p. 63, &c., thus carrying out to a practical result the obser- 
vations made by Prof. Parker and myself in the ‘ Annals Nat. Hist.’ 
ser. 3, vol. vii. 1801, p. 233. Dr. De la Harpe, however, appears 
not to have seen this paper, nor our “ Notes on Nummulites,” 
oja. cit vol. V. 1860, pp. 109, 294, &c. ; nor Carpenter, Parker, 
and Jones’s observations in the ‘ Introd. Study Eoram.’ Hay Soc. 
1802, pp. 262-276 ; at least he does not refer to them in detail. 

1881. ‘‘Etude des Nummulites de la Suisse,” &c., premiere 
partie, Mem. Soc. PaJcoiitol. Suisse, vol. vii. At page 20, referring 
to some forms which he thought that D’Archiac had confused under 
the name of planulata. Dr. De la Harpe stated that the little form, 
with large central chamber, figured by Sowerby as N. elegcms, ‘ Min. 
Conch.’ pi. 538. figs. 6-11 [Sowerby ’s “ fig. 2 ”], and taken by 
D’Archiac for young N, planulatus, should retain the name given by 
Sowerby. 

I consider the nos. 6-9 and 11 (in “fig. 2”) to be really 
N, planulatus of different stages of growth ; but, coming under that 
genus instituted by Lamarck, they did not require a new name ; 
whilst “ no. 10 ” is one of the specimens on Sowerby’s card labelled 
“ Nummularia elegans,^’ and forming the chief subject of his para- 
graph on N, elegans, op. cit, p. 76. 

Dr. De la Harpe having found some small lenticular planulaii 
with a large central chamber, regards them as one of his twin 
species. Nos. 7 and 8 in Sowerby’s “fig. 2 ” are like these exter- 
nally, and may or may not have the large central chamber. At 
all events they either are or have been mixed up, in the siliceous 
rock of “ Emsworth,” with plannlaius (nos. 6-9, and 11), Even 
if they be the same as De la Harpe’s twin species referred to 
(Numm. Suisse, pi. 7. figs. 12-23), they cannot he called elegans, as 
that name is on Sowerby’s label of the Prestwichiana variety from 
Alum Bay. 
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1883. In the posthumous portion of our dcceasecl friend ])r. 
Phil. I)e lallarpo’s “ Etude dcs Numiniilitcs do la Suisse^ et .Revision 
des Especes liOCenos dcs Genres Nuiumulites ot AssiliiK's/^ partio 
troisieme (Mem. 8oc. Paleonto]. Suisse, vol. x.), IbKi, p. KiU, avo 
have the synonymy ot* the little Nummulite under notice thus 
given : — 

Nxtmmttlixes AV'emmelensfs, De la Ilarpe and V and on llroeck, 
pi. xi. figs. 52-70. (Var. PrestiuivMi, figs. 05-70.) 

1822. NummulHes lenticula (pars), Defranco, Diet. Sc. Nat, vol. 
XXXV. p. 220. 

1837 (?). liL (pars), Galeotti, Mem. constit. geogn. Drabant ; 
Mom. Acad. Delg. vol. xii. 

1837. N, el (y mis (pars), Galeotti, op. cit, 

1853. N. pliiniilata., d’Grb. var. «. minor, D’Arch. et Haime, 
Moriogr. Numm. p. 143, pi. 9. f. 10, a, h, c. 

1801. Id. Lam. sp., var. rrestwkhiana, 11. Jones, Quart. Journ. 
Geol. Soc. vol. xviii. p. 93. 

At p. 171, De la Harpe, under i^iimmulites plamdata, Lamarck 
sp.” (x)l. vii. figs. 1-11), places: — 

“ 1829. JShimmnlaria elegnns (pars), Sowerhy, Mineral Conchology, 
vol. vi. p. 70, x>l. 548. figs. 0, 7, 8 {non figs. 9, 10, 11).” 

Excepting no. 1 0. these (Sowerby’s “ fig. 2 ”) are in my opinion 
definitely N. plamdatus (Lam.). 

At p. 175, under Nummulites elegans, Sowerby ” (pi. vii. 
12-23), De la Ilarpe jjlaccs : — 

‘‘ 1829. Nmnmuhria elegans (pars). Sow. Min. Conch, vol. vi. 
p. 76,* xd. 538. figs. 9, 10, 11 {non 0, 7, 8).” These also, ex- 
cepting no. 10, are N. plarndatus ; De la Ilarpe- s figures 12-20 are 
like young plawdatus with large central chamber, and externally 
like some (nos. 7 and 8 of 8owerby’s fig. 2 ”) which accomx>any 
other pJaiiidati of larger growth. His figs. 21-23 re2)rescnt a very 
thin form (“ depresm ”). 

The English Nummidites. 

I. Numm-lites liLKGAxs, Howciby. PI. XI. figs. 1-9. 

The folloAving synonymy of N. elegans. Sowerby, is hero offered 
as being in accordance with what we have noted above ; — 

1820. JShmmularia elegans (part.), Bowerhy, Min. Conch, vol. vi, 
p. 70, X)l. 538. fig. 2 (part, namely^ no. 10). 

1 837. Kummulinn elegans (part.), nobis et Sowerby, Galeotti, 
3Iem. constit. Geogn. Brabant, p. 141. 

1840. Nnmmulina elegans, Prcstwich Quart. Journ. Geol. Soc. 
vol. ii. p. 257. 

1848. Lenticulites ^danulata (?), Bronn, Index Palseont. vol. i, 

p. 628. 


* At p. 254 N. variolarivs appears to have teen misuanted ehgmts. 
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1850. Nummidaria elegans^ Sowerby in JJixon’s Geol, Sussex, 
p. 85. 

1850. J^umitniUUs planulafa (x)art.), D’Archiac, Hist. Progrus 
(Jeol. vol. iii. p]). 230 and 240. 

1853. J\'Uinn»aUtes jdauuUitus (part.), Jones, Quart. Journ. Geol. 
Soc. vol. viii. I). 350, note. 

1851. JS'unutndina jilatadatfi^ var, a, vcl 'minor (jiart.), D’Arch. 
A Haime, Moih>gr. JN^uin. p. 143. 

1854. N ammulitos iiddnulatus (i)art.), Morris, Cat. Brit. PAss. 2nd 
edit. ]). 38. 

1802. Nn'mnmlina planulata^ var. Prcstwichiana^ Jones, Quart. 
Journ. Geol. Soc. vol. xviii. p. 93. 

1878. Numniidimt planulata^ var. l^rcstwicJdann, Jones in Dixon’s 
Geol. Sussex, 2nd edit. p. 172, note. 

1881. JShniimulttcs eUyana (part.), De la Ilarpe, JNTumm. Suisse, 
pail i. p. 29. 

1882. Naimnuliles Wemmellen.dsy var. Prestwichii, De la Harpe, 
Catal. P\)as. P^'orain. Brit. Mus. pp. 92, 93. 

1883. Niimmidites Wemmdlonsis^ var. Freaiwicliiana^ Do la Harpe, 
Numrn. Suisse, part iii. p. 169. 

1886. Max von llaiitken in the Foldtani Kozlony, xvi. Kotet, 1886, 
in a paper on some American Nummulites (p. 188), pi. 1. fig. 4, 
gives AT. elecfcins ” after De la Harpe, Etude Humm. Suisse, p. 175, 
pi. 7. f. 12-23, with 5 whorls, not rapidly increasing. 

In addition to the general description of N. elegans {PrestwicJuana) 
given above at page 138, the following notes on its size and 
proportions will be useful in its identification. (Mr. C. D. Sherborn 
has kindly given me his help in measuring the small English 
Nummulites.) 

Sowerby’s figure * no. 10 in fig. 2,” magnified probably two 
diameters, represents a specimen about 2^ millim. across, with 4 
whorls, there being the following number of chambers in the 
whorls : — 

1st. 2nd, 3rd. 4th. 

7 14 22 35 ? 

Sowerby’s specimens (from the bed no. 29,” Alum Bay), 
flattened by pressure, are of various sizes, as usual ; and one, broken 
open (not artificially bisected and not well preservtid, gives : — 


* Sowerby’s mounted specimens of “ N. elegam ” from Alum Bay do not offer 
any good horizontal sections. Those that have their median chambers exposed 
have been broken open, in breaking the matrix, with such an mievcn fracture that 
tliey do not show sections of an even plane like that seen in specimens carefully 
ground down, and hence they have the central chambers obscure. 
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One of Sowerby’s speci 
mens 


:} 


Specimens from Alum 
Bay (bed “no. 29”) 
flattened by pressure. 


From Whitecliff Bay'] 
(Keeping’s Prestwix^hi- 
armsAieS), Nearly all 
the specimens are flat- 
tened by pressure , 

From Highcliif (“ D f 
Keeping), not flattened \ 
by pressure 


From Hunting Bridge, J 
New Forest 


Measurements in 
millimetres. 

Number 
of whorls. 

Number of chainbtM's 
in the whorls. 

Diameter. 

Thickness. 

1st. 

2nd. 

3rd. 

4th. 

li 


4 

9? 

13 

14? 

20? 

u 








I 






Ol 

i 

4 

7 

14 

21 

26? 

2 

i 






If 







ordinary 

t 

4 

8 

14 

20 

? 

ordinarj’ 
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4? 

8 

13 

? 

? 

3 

4 

4? 
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i 

4? 





1 

\ 

4 






n 

4 

4 

8 

14 

19 

? 

2 

4 






21 







14 

4 






li 

?t 

4 

8 

12 

18 

25? 

1.1 

? 

4 

8 

15 

20 

? 

? 

? 

4? 

8 

15 

? 

? 

? 

V 

4? 

8 

14 

? 

V 

2 







21 

1 

' 







In Bed no. 29 ’’ the specimens are thin and compressed, with 
the alar prolongations (“ ala),” or lateral extensions) of the chambers 
nearly all reaching the centre, somewhat curved; more sinuous 
and less regular in old individuals (PI. XI. fig. 1). From the 
Hunting-Bridge beds specimens given to me by the Kev. 0. Fisher, 
F.G.S., are only slightly • flattened ; t^eir alac reach the centre. 
Mr. Keeping’s specimens “B,” from Hunting Bridge, are not flattened : 
their alfe generally, but not in every case, reach the centre. Those 
from Highcliff (Keeping, “D”) are not flattened ; their alic reach the 
centre. Some individuals of eJegmis have partially radiate or 
plicate surfaces, due to the lessening of the septal ribs and a local 
convexity of the alar parts of the chambers, probably the var. 
plicata, J)e la Harpe (see above, i>. 140). 

For the localities of Sowerby’s N, elegam (or PrestivicJiiana) we 
find in the ‘ Cat. Foss. Foram. Brit. Mus.’ 1882, pp. 22-25 (besides 
the Bed “no. 29 ” at Alum Bay) Bracklesham, F. Edwards ; biconvex 
variety, Bracklesham, F. Edwards ; Barton, F. Edwards ; Barton, 
with variolariuSf F. Edwards ; Emsworth, with N. variolarius, 

* In the Museum of Practical Geology, Jermyn Street. See PI. XI. fig. 1. 
t These were ground down without their thickness having been measured. 
They probably ranged about | millim. 
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F. Edwards ; and Emswortli, with Turhinolia^ F. Edwards. Of 
these some, if not all, may have been wrongly localized (see above, 
page 13(1). Further, from JBramshaw, Brook, and Highcliff ; the last 
is thickish and associated with N, variolarius ; all from the late 
Mr. Fred. Edwards’s Collection. Some rare, dredged off Guernsey, 
as noted in the Ann. & Mag. N. H. April 1876, p. 283. We have 
received from the Eev. 0. Fisher and Mr. Keeping some from Hunting 
Bridge and from Highcliff, also some in a glauconitic clay from 
Whitecliff Bay, found by Mr. Keexnng in a zone just below “ no. 
17 ” of Mr. Prestwich’s Section and 13 inches thick. This is 
regarded as equal to a part of “ no. 29,” Alum Bay. The specimens 
are both large and small, compressed, and not pyritous. I may 
mention that not only did Prof. Prestwich give me characteristic 
specimens of the Prestwicliianus and variolarim from their several 
beds in or about 1852, but I took a note of the occurrence of 
these and other Hummulites as then preserved in his Collection. 

II. Nummulites variolarius (Lamarck). PI. XI. figs. 10-14. 

1804. Lenticulites variolaria, Lamarck, Annales du Museum, vol, 
V. p. 187, no. 2. 

182(>. Nummularia variolaria^ Sowcrby, Min. Conch, vol. vi. 
p. 76, pi. 538. figs. 3 (nos. 12-17). 

1854. Nummulites variolaria, B’Archiac et Haime, Monogr. 
Humm. p. 146, pi. 9. fig. 13. 

Nummulina ot Nummulites variolaria, auctorum f. 

Small, smooth, lenticular, with a rather sharp edge ; the alar 
extensions are numerous (18-20 visible), distinct, long-triangular, 
nearly all reaching the umbo on the convex faces of the shell ; the 
median chambers are usually about as high as long ; central 
chamber rather large ; the whorls four, regular, increasing slowly. 
Occasionally the septal lines become thickened and raised, chiefly by 
a lessening of the shell-matter along the alar intervals; and a 
radiately-ribbed apx)earance is thus given to the shell. A swollen 
condition of the alar extensions also, in some cases, gives a similar 
appearance. See ‘ Min. Conch.’ pi. 538. fig. 3 (no. 16) ; and 
Dixon’s ‘ Geol. Sussex,’ pi. 9. fig. 7. 

The alar parts of the chambers, in passing to the umbo, often 
vary from their usual straight line to a gently curved, and even 
falcate form, thus passing from the “radiate'’ to the “ sinuo- 
radiate” type of Nummulite. They rarely interfere one with another. 
The umbo is always conspicuous, and sometimes flattened. The alar 
septa are often strong, but not so thick as in the young N, 2 )lanulaius. 
The latter, moreover, soon loses its convexity between the umbo 
and margin ; in its young state it is “ radiate,” and in the adult 
condition fully “ sinuo-radiate.” See Ann. & Mag. X. H. ser. 3, 
vol. viii. pp. 233, 234. 

^ See above, page 138. “ No. 16" contains N. variolarius as a characteristic 

fossil. 

t Some remarks by Dr. Pb. De la Harpe on this species are given in the 
‘Bull. Soc. G6ol. France,’ ser. 3, vol. v. pp. 826, 827 (1879). 
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The dimensions of N, variolar ias are : — 



] 

Measurements in j 
millimetres. i 

Number 
of whorls. 

i 

Number of ohambi?rs in 
the nliorls. 

Diameter. 

^J’Jjickness. 

1st. 

2ucl. 

.‘>nL 

4lh. 

5th. 

Sowerby’s figure (no. 14, ' 

2 


1 






in “fig. 3") ; 
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The three last have a large centnil chamber ; one has straight, 
another oblique, and another curved alar divisions. 

In the ‘ Oatal. Poss. Poram. 13. Mus.’ 1882, this species is entered 
as occurring (p. 22) at Alum Pay, in the bed “no. 20 ” (on the autho- 
rity of Mr. P. Edvrards). At page 23-25 are the Ibllowing : — 
Braeklesham, Barton, and Stubbington, including large, ordinary, 
and small forms ; Emsworth (P. Edwards), probably a wrong 
locality ; Pramsliaw, ordinary and large (P. EMwards) ; Ilighclift*, 
ordinary and large (P. Edwards). At p. 2f3, “ a delicate variety 
like iV. venosa,'^ from Ileadon Hill (P. Edwards), is mentioned. 
Also Hunting Bridge and Shephej'^ s Gutter (Bramshaw), Hew 
Porcst, 0. Pisher, Quart. Jourji. (jleol. 8oc. vol. xviii. pp. 70 and 81. 

In the Quart. Journ. Geol. »Soc. vol. xviii. 1862, the Hev. 
0. Pisher specially notes the occurrence of iV. variolarius in the 
Braeklesham series at "Whitecliff Bay, in his division xvii. (p. 70), 
part of Prestwich’s “no. 16,'^ Quart. Journ. Geol. Soc. vol. ii. 
p. 254 ; in xiv. (p. 71 ), part of Prestwich's “ no. 14 ; ” in ix. (p. 72), 
Prestwich’s “ no. 13.” At Braeklesham Bay (p. 74) in tlie beds 
numbered 22 and 21 and 20. Also (pp. 77-83) at Stubbington, 
Hunting Bridge, Shepherd’s Gutter, and King’s-Garden Gutter. 

According to Dr. Do la Haq^e the N, variolarius of the Barton 
beds of Stubbington and White-Clifif Bay is the same as that of 

* Quart. Journ. Geol. Soc. vol. xviii. p. 78. 

t Mr. Keeping also has contributed some from this zone of N, variolarius^ 
which he finds to be 19 feet thick. 

t This is the “ Brook ” locality of F. Edwards. 
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I^elgium, and typical. He did not find Heherti (having a small 
central chamber) with it, though accompanying it in Belgium and 
France. 


III. HuMMTTLiTEs LiEviGATUs (Bruguiure). 

This species has been so well described by D’Archiac and other 
authors * that its structure need not be treated of here. It is 
well figured in the ‘ Min. Couch.’ vol. vi. pi. 538. fig. 1 . 

The range of Nnmmulites hrviyatus in England is limited. The 
llev. O. Fisher has carefully defined its zones and localities, 
Quart. Journ. Gcol. Soc. vol. xviii. In the Bracklesham series at 
Wldtecliff Bay (p. 72) in the bed VII. (part of Prestwich’s 
*‘no. 12^^); in VI. (Prestwich’s “no. 11”); in IV. (Prestwich’s 
“ no. 9 ”). At Braclclesliam Bay (p. 75) in the beds 6 and 4 ; and 
at Bury Cross, near Gosport (Pilbrow). At Alum Bay its zone was 
indicated by Prof. Prestwich many years ago as a lower part of that 
thick bed, no. 29, which also comprises the glauconitic clay with 
AT. eleyans, Quart. Journ. Geol. Soc. vol. ii. p. 257 ; but this is very 
doubtful. AT. hieviyatus has also been found in the Wells at Wel- 
lington College and Woking Asylum. 

According to Dr, Ph. De la Harpe the Bracklesham Nummulites 
comprise both lamyatus and TV LamarcM, the latter having a 
largo central chamber ; and he thought that they indicate a horizon 
“at the top of the ‘Paniselian’ or at the bottom of the‘Brux- 
cllian ’ Stage.” Catal. Foss. Foram. Brit. Mus. j). 91. 

A table of the range of Nummulites in England is given on the 
next page. 


* Dr. Ph. De la Ilarpe (‘ Nuin. Suisse/ 1881, p. 20) lias noticed that in his 
synonymy of this species in the ‘ Prodrome,’ vol. ii. ISoO, 25® ef age, 1302, 
D’Orbigny has by mistake given the name of clegam instead of Icsvigatm to 
fig. 1. pi. 538, ‘Min. Conch.’ 
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Table of the Range of NimmuUtes in England. 



Nvmm. 

variolarius. 

Numm. 
elegans {I^est- 
wichiamts). 

Nimm. 

IcBvigatus. 

Numm. 

planulatu8\ 

ikm Bag 

In bed “no. 29”? 
F. Edwards. 

In part of Prest- 
wich’s “ no. 29 ” 
bed. 0. Fisher’s 
bed 10 (p. 84). 

In part of Prest- 
wich’s bed “ no. 
29”? 


WhtediffBay ... 

In Prestwich’s beds 
16, 14, 13. 11: 
xvii., xiv., ix. of 
0, Fisher’s beds. 

In bed just below 
Prestwich’s 17 bed 
(Keeping) t. 

In Prestwich’s bed s 
12. 11, 9. In 
0. Fisher’s beds 
vii., vi., iv. 


Bay. 

In 0. Fisher’s beds 
22, 20. 

? (F. Edwards). 

In 0. Fisher’s beds 
6,4. 


Banim tJUff 

« 

?(F. Edwards). 



UigheUjfi 


« Fisher and 
Keeping. 







9tiMngton 





^mUttg Bridge, 
New Forest 

Ih^herd^s Gutter, 
or Brtmshaw, 


* Fisher and 
Keeping. 



^Mt-Garden 
(^ter, or 
Brook. 

* 




hmoorth 

? (F. Edwards), 



* Sowerby. 


1 



EXPLANATION OF PLATE XL 

Fig, 1. Nummulites elegans^ Sowerbj. The largest individual known. 

X 10 diam. From Whitecliff Bay: collected by Mr. Keeping 
(Geol. Mag. 1887, pp. 70-72). Museum of Practical Q-eology. 

2. The same. Ordinary’ example. X 10 diam. 

8. The same. Vertical section. X 10 diam. 

4. The same. Horizontal section ; from a transparent -n 
individual in Canada balsam. X 20 diam. I 

t In Prof. Prestwich’s collection several years ago I noted among his 
specimens from Whitecliff Bay, in bed 16, varwlarim ; in bed 13 or 12, loevigatm 
and var. scabra; and in bed 11, scabi’a and variokirius. From Alum Bay only 
N, elegans, from “ no. 29.” 

t A small derived or remani6 specimen of N.phmhtus (near N. Bmwherit De 
la H.) has been found in the Crag of Suffolk ; see ‘ Foraminifera of the Crag,* 
part i. Pal. Soo. 1866, p. 74 &c., pi. 2. figs. 51, 52. 


From Bed no. 
' “29,” Alum 



Quart. Jo-UTTL Geol. Soc. VolJCLlII.PlXI. 
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From Hunt- 
ing Bridge, 
NewForeet. 


Fig, 6. The same. Ordinary example, x 10 diam. 

6. The same. Vertical section of another indiTidual. 

X 10 diam. 

7. The same. Edge view, x 10 diam. 

8. The same. Horizontal section. X 20 diam. 

9. The same. Part of horizontal section. X 55 diam. ^ 

10. Nwmrrmlites variola/rim (Lam.). Large individual. ^ 

X 10 diam. The dotted line around the figure in- [ From the Bar- 
dicates the size of a larger individual. 

11. The same. Large individual. Edge view. 

X 10 diam. 

12. The same. Ordinary variety. Horizontal rection. 

From Bed “ No. 10 ” at Whitecliff Bay. 

13. The same. Ordinary example. X 10 diam. I 

14. The same. „ „ jSdge vi-'™^ ^ 

X 10 diam. 


r 


ton 

bed. 


SheU- 


X 20 diam. 


From Bed “ No. 11 
at Whitecliff Bay. 


Discussion. 

Tho PRESIDENT said that the rectification of the name of an old 
species was of equal importance with the institution of a now form, 
and. congratulated Prof. Rupert Jones on having cleared up an 
obscure question. 

Dr. Woodward was glad that Prof, Rupert Jones h d found some 
materials previously unrecorded in the Museum collections. The 
number of specimens exhibited at the new Museum was fortunately 
much larger than formerly in Bloomsbury. 

Prof. Seeley spoke of tho importance of determining the forms of 
ISTummulitos, and gave a sketch of their distribution in the British 
Eocene rooks. He also called attention to the variation of the 
different forms. 

The Author said that tho subject of the passage between different 
so-called species of Nummulites alluded to by Prof. Seeley was very 
interesting. His own view was that all the forms of Nummulites 
passed into each other, tho whole genus being in fact one very 
variable species. 
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10. On the Echinoidea of the Cretaceofs Strata of the Lower 
Naruaoa Begion. By Prof. P. Martin Duncan, F.B.S., F.G.S. 
(Bead January 12, 1887.) 

Owing to the kindness of IT. B. Medlicott, Esq., F.B.S., Director 
of the Geological Survey of India, I have lately received a consider- 
able number of specimens of Echinoidea, which have been obtained 
from recorded localities, from the Cretaceous formation, in the 
Lower IVarbada valley. 

A small collection of Echinoidea, Mollusca, and Brachiopoda, and 
a coral are in the Museum of this Society, and they came from the 
neighbourhood of Bag on the Narbada, in the same district whence 
the forms lately received were Ibiind. This small collection was 
described by me in a communication to this Society in 1865, 
another collection from S.E. Arabia being associated wilh it, and an 
Upper Greensand horizon was given to the strata containing the 
species (Quart. Joiirn. Geol. 8oc. vol. xxi. p. 849). The persistence 
of many well-known European species into the far east was noticed. 
In 1866^, JVlessrs. Blanford and Wjmne surveyed the Bag district, 
and decided that the succession of the Cretaceous rocks was, from 
below upwards, as follows : — Sandstone and conglomerate, 20 feet ; 
nodular limestone, nearly unfossiliferous, 20 feet ; argillaceous lime- 
stone, fossililerous, 10 feet ; and coralline limestone (Bryozoan) 10 
to 20 feet. The relation of these conformable beds to the overlying 
Lam eta beds and the Deccan and Malwa Trap was noticed. 

The surv^oyors accepted my decision regarding the age of the beds 
which had yielded the fossils, namely the argillaceous beds near 
Deola and ChiraRhan. In 1868 f a similar horizon w^as stated to 
be present in the Hinai area ; it was already known in Algeria ; and 
later on, Fraas and Cotteau discovered it. in the Lebanon. 

The little collection from Bag bocaum very interesting when 
Stoliezka’s great work on the Echiiiodermata of the Cretaceous rocks 
of 8. India >vas published ; for none of the more northern forms were 
discovered by him. Yet the presence of the same geological horizon 
in 8. India was placed beyond a doubt. (Pal. Ind. 1873, Cret. 
Fauna, vol. iv. 3, ser. 8, 3.) 

In 1880 the trigonometrical snrvey having been completed, and a 
first-class map of the Lower Narbada valley having been published, 
the Geological Survey of the district w’as seriously entered upon, 
the work of Blanford and Wynne being the basis. Mr. Bose was 
ordered to pay esxiecial attention to the fossiliferous strata and 
the igneous rocks. The results of this survey were published 
in the Memoirs of the Geological Survey of India, vol. xxi. pt. i., 

* Mem. Geol. Surv. India, vi., ; see also Blanford, Geol. Bombay, Becorda 
Geol. Survey India, vol. v. pt. 3, 1872, p. 82. 

t Quart. Journ. Geol. Soc. vol. xxiii. p. 38, and vol. xxv. p. 44 (1869). 
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1884, by P. N. Bose, B.Sc. (Lond.)» F.GT.S. Mr. Bose collected 
fossils in abundance, from tbo Nodular limestone, the Argillaceous 
limestone or marl, and also from the Coralline limestone. He found 
an O.'^/rm-bed on the top of the sandstone mentioned by Blan- 
ford, and his paleontological researches and stratigraphical results 
led him. to adopt the following views : — 

The age of the Sandstone is not settled, but the Ontrea on the top. 
he believes to bo 0. Leymerii, d’Orb. : it is Ncocomian in Europe. 
The Nodular limestono rests contVu’mably upon the O.vfrm-bed and the 
Sand.stono, and some of the same 0,^tre<v are found in diminishing 
numbers in it. The Nodular strata ]\tr. Bose assigns to the Gault in 
one part of his work, and to the Albian and part f>f the ('enomanian 
in another. The Argillaceous limestone rests conformably upon the 
Nodular scries, and contains ihe sxx'cics formerly described in Quart. 
Journ. Geol. Soc. 1805, which were collected hy Captain Keatinge. 
To this horizon Mr. Bose gives the correct names of Cenomanian 
with part Turonian. Tlic Coralline limestone revsts nj)on the Argil- 
laceons limestono conformably, and after an examination of its 
fauna, Mr. Bose decides that it is Senonian in age. Mr. Bose, I 
regret to state, writes about the determinations of the species having 
been made by him roughly ; audit became evident, after studying 
his memoir, that there were not sufficient grounds for believing that 
the whole Cretaceous formation was represented in about 80 feet 
of conformable strata, the whole of the series from the Gault or 
Albian, to the Scnoniaii inclusive, following conformably upon a 
Neocomian. 

As Mr. Bose recognized some of the Eebinoidea I bad noticed, 
and as there was a good collection made from all the horizons, ex- 
cept the so-callcd Neocomian, I a])plicdtoM.r. Medlicottfor the loan 
of the Eebinoidea, with a view of describing them in the Itecords of 
the Geological Survey of India. Mr. Mcdlicott sent me the collection, 
as also one made by Mr. Blanford many years before, and that 
of Captain Keatinge, which had been placed iu the Museum at 
Calcutta. The fossils in the Museum at. Calcutta wdiich had been 
collected many years ago hj Captain Keatinge, came from the 
Argillaceous limestone or marl, and therefore w^ere from the same 
strata as those which had been studied hy me in 1 MG5. Unfortunately 
this little grou]) of well-preserved sj)ecimcns was not studied by thc^ 
last surveyor of the Cretaceous rocks, nor does it appear that he 
made himself acquainted with the forms which had bocn collected 
by Mr. Blanford. But Mr. Bose found some species in the collection 
which he made, and which T had not seen in the marl. In order to 
arrive at the truth with regard to the Eebinoidea, I re-examinod 
the collection in the Museum of this Society, and found that only 
one species required further consideration. It appeared to me that 
although the general shape of the Echinohrimis warranted the 
specific name I had given it, the details of the ambulacra were 
insufficiently seen. These details are well shown on a specimen 
which Mr. Bose obtained from tbe same horizon, and there is no 
difficulty in recognizing the pctaloid condition of the postero- lateral 
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ambulacra which characterizes Cotteau^s Echinohrmue Goyheii from 
the Ceuomainan of the Lebanon. 

I do not propose to alter the determinations of any of the other 
species of Echinoidea and Mollnsca. The late Mr. Davidson was 
good enough to determine the Brachiopodto be lihjnchondla deprmay 
Sow., and this common Upper-Greensand species was found accom- 
panied by a coral, Thammstrem decipiens, Mich., from the same 
horizon. The commonest species in the collection in our Museum 
is Herniaster cenomanensis, Cott., and the only apparent distinction 
between the type from the Prench Cenomanian and the forms from 
the Bag beds is that the posterior ambulacra in the specimens from 
India are not quite so broad as tbe others. All the specific characters 
are present. Ilemiaster simiUsy d'Orb.', is not uncommon, and two 
specimens arc in our small collection. The identity of the French 
and Indian species struck me very forcibly, and the species is really 
a very distinguishable one. Hence the former determinations hold 
good except in one instance, and the necessary alteration strengthens 
the view of the Upper-Greensand horizon of the beds which yielded 
the fossils, or rather, as I put it, of the existence at Bag of a horizon 
from the top of the Gault to the base of the Chalk with fiints. 

The collection from the Museum at Calcutta was then investigated. 

The first fossil examined was an exquisite Salenia, belonging 
to the group with very narrow ambulacra, and which has the two 
vertical rows of ambulacral primary tubercles so closely jfiaced 
that there is no room for more than an occasional granule between 
them, in fact to the petalifera ” or scutigera group. Tbe apical 
disk of the Indian form is ornamented with ridges and furrows 
in the usual radiating manner. But the species is not a new one, 
for it was recognized and described by the industrious and exact 
M. Cottcau in the collection obtained by Fraas in the Lebanon. 
Cotteau called it Salenia Fraasi, and it was found, in the first 
instance, in the Cenomanian deposits of the Lebanon. (‘ Ech. nouv. 
oil peu connus,’ 2^- ser. fasc. 4, 1885, p. 59, pi. 8. figs. 1-5.) 

There are numerous specimens of a Cypliosoma in the collection, 
and they are readily to be identified with the well -characterized 
Cyphoscmia cenomanensw, Cottcau, from the French Cenomanian. 

The other specimens are IJcmiastet' cenomamnsis and similis. 

Mr. Blanford’s collection was from the marl near Dussai, 15 
miles west of M andoo, and many specimens came from the Coralline 
limestone at Chirakhan. 

The specimens which could be named belonged to Ilemiaster 
cenomanensis and H. similis. Hence Mr. Blanford has given us the 
evidence that there is a community of species between the marl and 
the overlying and conformable Coralline limestone. 

Mr. Bose^s collection from the marl was next examined. The 
two Hemiasters were found and also the Cyphosoma already men- 
tioned. The Echinohrissus is named, according to Mr. Bose, on my 
authority, but I did not see it until a few weeks ago. Mr. Bose, 
however, gave me the opportunity, when I examined his specimen, 
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of correcting my former determination ; and the species is Echino- 
hrissus Goybeti, Cott., from the Cenomanian of the Lebanon. Several 
fairly well-preserved parts of a Gidaris were collected by Mr. Bose, 
and one or two belonging to the same species had been collected by 
Captain Keatingo and placed in the Calcutta Museum. These 
Mr. Bose considers to belong to Cklaris cenoiaanemia^ Cotteau ; but 
there are well-marked specific distinctions present, although the 
narrow ambulacra have four rows of interporiferous granules and 
the median suture is sunken in the interradia. The excessive size 
and irregularity of the warty granules beyond the scrobicular 
circles, and the proximity and large secondaries of these last- 
mentioned structures, are suhicient to separate the species, and, 
moreover, the Indian form is a large oini. Mr. Bose was (]uitc 
right in placing the form near to C. cemmanemils. It has been 
necessary to establish a new species for the form Cidarla nama^ 
dicas^ nob.* 

An Ortkopsis was found and recognized by Mr. Bose, and he ap[)ears 
to consider that it is 0. slmilis', StoL, described from the Arrialur 
strata of H. India. But there are spocilic ditlbrences ; the Bag 
form has two of the radial plates not entering the ])criproctal ring, 
and the jiumcrous rows of i)rimarios do not extend so far up above 
the ambitus as in >Stoliczka's species. The other supposed specimens 
of Ortkopsis collected by ^Mr. Bose belong to tlie goiius Cypliosonia, 

It will have been observed that the Argillaceous limestone has 
a very interesting fauna, and it appears that JSucleoUU’s siruUis also 
occurs as a variety, and this species of d’Orbigny brings tlio beds into 
relation with the Ohloritic Marl of Europe. 

The Echinoidea of the uiiderJying iNodular limestone wore next 
examined, and only two species could be identified from Mr. Bose^s 
collcctioTi, and they are common. They are the two llemiasters, 
JJ, cenomanensls and Jf, simills, the commoiuist I’orms in the con- 
formable marl above. There arc no Gault or Albiaii species present, 
and there are no stratigraphical data whicli will permit of tho 
division of the few feet of beds into a Gault or Albian and a 
Cenomanian. 

The Cor/dline liniestoiio, which is above and conformable to the 
Argillaceous limestone, contains tho following species : — Cidaris 
naoiadicas^ nob., which also occurs in the ArgiUrceons bods below ; 
Gypliosoma cenomanense, which has a similar vert-ical distribution ; 
Eucleolites Himilis, var., IJemiastcr ceMomanensis, and //. simllis : all 
these arc met with in the limestono below, and the two llemiasters 
are also found in tho JNodular limestono. 

Messrs. Blanford and Wynne, and also Messrs. Medlicott and 
Blanford, in the ‘ Geology of India,’ considered that the JS'odular 
limestones, the marl, and the Coralline limestones belonged to a con- 
formable group, with a fauna indicating one (Jrotacoous horizon, and 
the examination of the collections of Echinoidea. proves that these 
views are correct. 

The age of the OstreaAyodi at the base of the Nodular limestone 
* About to be described in the Beuords of the Gleol. Survey of India. 

Q* J. G. S. No. 170. M 
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is not considered in this communication ; for the specimens have not 
been examined in Europe. 

The following is a list of the species of Echinoidea found in the 
Cretaceous series of the Lower Narbada Valley : — 


Name. 

Nodular 

Lime- 

stone. 

Marl. 

Coral- 

line. 

Foreign. 

Cidaris namadicus, sp. nov 


* 



Salenia Fraasi, Cott 




Lebanon, 

Cenomanian. 

OyphoBoma cenomanense, Cott. 

Orthopsie indicus, sp. nov 


* ; 

# 

France, 

Cenomanian. 

Echiuobrispus Goybeti, Cott. ... 


* ! 

1 


Lebanon, 

Cenomanian. 

Niicleolites similis, (TOrb., var. 


* ! 

1 

* 

Europe, Ch. 
Marl. 
France, 
Cenomanian. 

Hernia ster cenomanensis, Co/f. 

* 

* 1 

1 

* 

Hemiaster similis, d'Orh 


* i 

* 

France, 

Cenomanian. 


Discussion. 

Prof. Aoassiz complimented Dr. Duncan on the work ho had 
done on Echinoderms for the Geological Hurvej of India. 

Mr. Sladen considered it was undesirable that palaoontological 
work should be criticized by any one who had not studied the actual 
materials upon which it 'was based. Prom his personal acquaint- 
ance with Dr. Duncan’s extensive knowledge of the Echinoidea, ho 
had full conlideiico in accex)ting the important deductions which the 
Author had laid before the Society. 

Dr. IIlanfori) explained the circumstances under which the 
hurried survey made by Mr.Wynne and himself was carried on around 
Bag in the month of May, the hottest season of the year ; it was 
consequently not surprising that some of the conclusions had to be 
modified. On the other hand, he had already suspected that the 
palaeontological evidence adduced by Mr. Bose in favour of referring 
the three limestone beds and the underlying sandstone to four dis- 
tinct stages of the Cretaceous system was insufficient, and he was 
not surprised to learn that Prof. Duncan had found Mr. Bose’s 
views to be untenable. 

The most interesting point was the additional e'vidence of the 
great difference between the fauna of Bag on the one hand, and that 
of Trichinopoly of the same age on the other, the former being Euro- 
pean, the latter containing a small percentage only of European forms. 
This supported the view already urged by the speaker that in Cre- 
taceous times a land-barrier extended from India to South Africa. 

Mr. Whitakeb said that in west Norfolk the whole of the beds from 
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Lower Greensand and Middle to Upper Chalk were to be found within 
80 feet of vertical distance. 

Dr. Duncan, in reply, said that the statement in the Memoir of the 
Geological Survey of India was, that the series from the Lower Green- 
sand to the Upper Chalk inclusive was comprehended in 80 feet. 
In the English example there is a great difference between the fossils 
of the various strata ; this is not the case in the Bjig beds. 
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11. On certain Dinosaukian VEETEBRiE /rom the Cretaceous of India 
and the Isle op Wight. By II. Lydekker, Esq., B.A., E.G.S., 
&c. (Eead Januarj’ 12, 1887.) 

In the year 1877 I published * a preliminary description of certain 
Dinosaurian remains obtained from the Lamcta grou]) of the 
Jabalpur district of India, to which I applied the name of Titano- 
saurus indiciis. The Lameta beds, it may be observed, have been 
usually referred to the Middle Cretaceous (Upper Greensand), but 
later observations indicate that they may be of somewhat newer age. 
The remains on which the genus was founded are preserved in the 
Indian Museum, Calcutta, and comprise an imperfect femur, and a 
consiclerable number of late caudal vertebrje, together with one 
imi)erfect vertebral centrum from an earlier part of the series. In 
a later memoir t I gave figures of some of the more important of 
these specimens, and came to the conclusion that the vertebrm in- 
dicated two species, for the second of which 1 ])roposed Ihe name of 
T» Blanfordi, adding the proviso that this form might eventually 
turn out to be generically distinct from T. indkus. 

Both these types of late caudal vertebra) are characterized by 
their strongly procoelous centra, to tlie anterior half of which the 
anchylosed neural arch is confined ; and in the one perfect si)ecimen 
of T. indicKs the arch carries two well-marked processes, one of 
which is directed anteriorly and the other ])osteriorly. The pre- 
axial process is bifurcated anterior]}', and hcjirs a pair of prezy- 
gapophysial facets ; while th(‘ hinder one, which (judging from the 
caudal vertebra' of the 8perin-Whale and of certain other Dinosaurs) 
I think includes the representative of the neural spinet, is single, 
and carries the postzygapophyses. In T, Indkufi the luemal aspect 
of the bone presents two pairs of Y-shaped ridges, on the extremities 
of each of which are a i)air of well-defined facets for the attach- 
ment of clievron-bones, which look directly dowuAvards ; while the 
centrum is relatively short, with its ha'mal surface placed nearly 
at right angles to the lateral surfaces and characterized by its 
extreme lateral compression. In the form to which the name T» 
Blmfordi has been applied the centrum is larger and subcylindrical, 
and the htemal and lateral surfaces are not distinctly difierentiated 
from one another, the ridges on the former surface are not present, 
and the facets for chevron-bones are either very indistinct or totally 
wanting. 

These two types of vertebrae up])eared to me to come nearest to 
those of Cetiosaurus and the so-called Pelorosaurus of the English 

* liec. G-eol. 8urv. hid. vol. x. p. 38 (1877). One of tbe spociniens had been 
previously described and figured (without name) in Falconer’s ‘Palajontological 
Memoirs,’ vol. i. p. 418, pi. xxxiv. figs. 3-5. 

t ‘ Palaeontologia Indica ’ (Mem. Geol. Surv. Inch), ser. 4, vol. i. pt. 3, p. 20, 
pis. iv. & V. (1879). 

I Many writers adopt a different view in describing analogous specimens. 
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Wealden, in which the centra are amphicoelous ; and also to those 
of the much smaller Macrurosamms * from the Cambridge Greensand, 
in which there is a„slight procoelous character in some parts of the 
series, and distinct facets for chevron-bones are wanting. Their 
extreme procoelous character seemed, however, so peculiar that at a 
later date t I thought myself justified in assigning Titamsaurus to 
a new family of the Sauropoda. 

Thus the matter stood till some few months ago, when Mr. W, 
Davies, of the British Museum, directed my attention to two 
vertebra] centra in the Collection under his charge, which had been 
obtained by the late Mr. Pox from the Wealden clay of Brook 
in the Isle of Wight. These centra, as Mr. Davies pointed out to 
me, agree in general characters with those of Titamsaurus^ and 
almost certainly belonged to a closely allied form. The least imper- 
fect of the two specimens, which is figured (with the neural arch 
restored) in the accompanying woodcut, comprises the whole of the 



Caudal vertebra of a Dinosaur, with the neural arch restored ; from the 
Wealden of Brook, Isle of Wight, f nat. size. British Museum (No, 
E. 151). 

centrum and the base of the anchylosed neural arch. The two 
extremities are somewhat rolled and water-worn, and have thereby 
lost somewhat of their original roundness ; but in general contour, 
as well as in size, in the form of the articular surfaces, in the position 
of the base of the neural arch, and the apparent absence of distinct 
facets for chevron -bones, this specimen agrees very closely with the 
centrum of Titanosaurus Blanfordi represented in pi. v. fig. 3 of 
the memoir in the ‘ Palajontologica Indica ^ which has been already 

* Seeley, Quart. Journ. Geol. Soc. vol. xxxii. p. 440 (187G). 

Paljeontologia Indica, ser. 4, vol. i. Introductory Observations, p. v 
(1886). 
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quoted. The centrum is, however, more compressed in the English 
specimen, while the hsBmal and lateral surfaces are distinctly 
differentiated from one another, and the former surface carries a 
pair of Y-shaped ridges resembling those of T, indicm. The 
specimen is in fact very nearly intermediate in character between 
the figured vertebree of 1\ Blanfordl and T, indicus. The abrasion 
of the rim of the articular cup shows that the internal structure 
of the bone is coarsely cancellous. The second specimen (No. E. 
146 «) com})rises the anterior half of the centrum of a slightly 
smaller vertebra, and has been but little rolled. Ihis specimen 
shows on the ventral aspect the well-marked Y-shaped ridges so 
well displayed in the type specimen of T. indicus but lacks the 
distinct chevron- facets of that form. 

We may then, I think, consider it most probable that the 
English specimens indicate the occurrence in the Wcaldeii of a 
Dinosaur closely allied to IHtanosaurus ; and it now remains to 
consider whether, in the first place, they can be referred to any 
genus already described from those beds, and, in the second place, 
whether or not they should be regarded as generically identical with 
one or both of the Indian forms provisionally included in the above- 
mentioned genus. 

With regard to the first question, among the large Dinosaurs of 
the Wealden the caudal vertebrae of Jc/uanodon and its allies are of 
a totally different type from the present specimens ; while equally 
different arc those of Ceiiosaurus (with which may be grouped the 
so-called Pelorosaurus\ as well as those of Me(jalosaurus^ in both of 
which genera the centra have either flattened or slightly hollowed 
articular surfaces. Turning, however, to the gigantic Ornitlio^ms^ 
we find that the caudal vertebrae have not been hitherto knowm f, 
and there is accordingly a strong primd facie presumption that 
the specimens under consideration may belong to that genus. 
The nearest allies to OrnitJiopsis are certain JS^orth-American 
Dinosaurs included in Marsh’s Bauropoda J, such, as Bro7itosaur\is, 
Morosaurus^ Camarasaurus^ Amphicoplms^ &c. ; in these, while the 
juecaudal vertebrae have cavities in the centrum like those of Orni- 
thopsis^ those of the caudal region are solid. Apparently in all the 
American forms the centra of the, caudal vertebrae are amphicoelous, 
while those of the cervical region are opisthocudous ; since, how- 
ever, in some genera, such as (Jamarasaurus §, the dorsal vertebree 
are opisthocoelous, like those of Omithopsis, while in others, like 
Ampliicodias ||, they are amphicoelous, there is apparently no 
reason why similar variations should not also occur in the caudal 
region of other members of the group. In Brontosaurus, where 

* PaliEontologia Indica, ser. 4, vol. i. pt. 3, pi. iv. fig. 1. 

t See Hu Ike, Quart. Journ. Geol. Soc. vol. xxxvi. p. 3(). There apparently is 
no reason why the amphicoelian vertebraj there mentioned should not belong 
to CetiosauniH^ since they agree closely with the specimens from the Great 
Oolite figured in Phillips’s ‘ Geology of Oxford.’ 

1 See Marsh, ‘Amer, Journ.’ vol. xxiii. p. 83 (1882), and vol. xxvii. p. 167 
(1884). 

§ Proc. Amer, Phil. Soc., Dec. 21, 1877, p. 237. || Ibid. p. 243. 
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the dorsal vertebrse are amphicoelous, Professor Marsh’s* figure 
and description show that the hinder caudals have neural arches 
of the precise type of those of Titanosaurii^, while the form of 
the middle part of their centra is apparently very similar to 
that of the specimens under consideration. In CmnarasaurU'S^ 
again, the centra are laterally compressed as in Titanosaurus 
indicus, although the facets for the chevrons are less strongly 
marked. Camarasaurus and AmpJdccduis, it may be observed, are 
of Cretaceous, while Brontosaurus is of Jurassic age. The suborder 
Sauropoda is taken to include Getiosauras, which, although none 
of the vertebral centra are hollowed, is evidently allied to Orni- 
thopsis ; while it is probable, judging from the structure of the 
caudal vertebrae, that Macrarosaurus should also bo placed in the 
same division. There appears therefore to be at least a consider- 
able degree of probability that the Wealden vertebrae may belong 
to Ornithopsis ; and if they do not it is pretty certain that they do 
not belong to any other previously known English genus. 

With regard to the second question — i. e, whether these vertebra), 
which may bo provisionally referred to Ornithopsis, are generically 
identical with one or both of the two forms described under the 
name of 2\tanosaurus — there is far less possibility of arriving at 
present at any very satisfactory conclusion. It will, however, 
be safe to say that if the characters which diRtinguish the vertebrse 
of Titanosaurus hulicus from those of 2\ Blanfordi eventually 
prove to be of not more then specilic value, then the English 
vertebra) might well be also generically identical, in which case 
Titanosaurus should be merged in Ornithoj)sis, If, however, on the 
other hand, the vertebra) described under the name of 2\ Blanfordi 
should turn out (as it is highly likely that they will) to be 
generically distinct from T. indims, then there would also bo very 
considerable x>robability that the Wealden specimens arc likewise 
generically distinct from both the Indian forms, although their 
relationship appears nearest to the form called 2\ Blanfordi. 

Under these difficult circumstances the only ]>rudent course is to 
consider that we have evidence in India and Europe of three appa- 
rently closely allied Dinosaurs clearly marked off from all other 
described forms by their strongly procoelous later caudal vertebra), 
and for the present to retain the generic name Titanosaurus for the 
type Indian species, to refer the Wealden form provisionally to 
Ornithopsis, and to leave it open whether the form to which the 
name Titanosaurus Blanfordi has been applied is generically iden- 
tical with one or other or even both of these forms, or whether it 
should form the type of a third genus f. 

In conclusion, it may be observed that the occurrence in the 

* Amer. Journ. vol. xxvi. pi. i. (1883), and vol. xxi. p. 420 (1881). 

t In my description of Titanosaurus I mentioned a largei* vertebral centrum 
which I regarded as prccaudal and procoelous. Since, however, similar vertebr®, 
which are opisthoccelous, occur at Brook, the two types may respectively 
belong to the early caudal region of the Indian and European Dinosaurs, 
as the Orocodilia and Maerv/rosaums show that the form of the articular surfaces 
of the centra may vary in different parts of the caudal region. 



Cretaceous of India of two species of Dinosaurs apparently 
allied to one from the lowest Cretaceous of Europe seems to 
be another instance of the survival in India of allied or identical 
generic types to a date after they had dis{ipi)eared from Europe. 
A somewhat similar instance is afforded by the occurrence of Mega- 
losaurus in the Arrialur group (white chalk) of Trichinopoly in 
Southern India * — that genus being mainly characteristic of the 
"Wealden and Stonesfield Slate, although lingering on to the 
Maestricht beds t — and also by the oft-quoted Sin alik fauna. I 
may also observe that if the Weal den vertebra? really belong to 
Ornithojisis, then we shall have good evidenco of the distinctness 
of that genus from the North- American Cainarasnarm^ with which 
it has been identified by some writers— a distinction which might, 
I think, justify the reference of the English genus, together with 
Titanosaurus^ to a sei)arato family, the ()rnitho2)sidae. 

Pin ally, I may express a hope that the Officers of the Geological 
Survey of India will direct their attention to the {icquisition, from 
the Lametas of Pisdura, of other remains of Dinosaurs which may 
include vertebra? of the jirecaudal region, and thus indicate the true 
relationship of Titanomnrrfu to Omitlwims. 


Discusston. 

Prof, Seelhy regretted the absence of the Author. Th(‘ vertebra 
on which THanosavrus was founded had long been known in Eng- 
land, hut was considered insufficient to eiiabh' tlie relations of the 
animal to be detcuunined. Th(‘ femur had not been figurec]. The 
characters of the vertebno were insufficient to show that there was 
any affinity to and Pt /orosaftrt/s was only a sj)ecies of 

Cethsainoiff. The sjtoakcr considered Unit thi^ vortehne from tin? 
Isle of Wight were also insufficient for identification. The facets 
supposed to be those for the altuchinent of chevron-bones looktid for- 
ward and outward, so that it was ver}- (juestionable whether they 
were facets at all. 

The affiliation to Oruit/iojms rested on insufficient evidenco. There 
was more similarity with MacmromuruH, but the centrum in that 
genus is cylindrical. Although a larg(‘. ])orlion of tlie caudal region 
of the vertebral column of Macrtmmvvus was known, its affinities 
were very doubtful. 

Mr. IIuLKE concurred with the Author in thinking that the close 
similarity of the Indian and the? lsl(?-of-Wight vertehne warranted 
the assumption of a generic, if not sjiccific identity. Ho had never 
(nor, he believed, had IMr. Pox) found those vertebrae in the 
beds hitherto yielding the remains of Ondiltopsisy and he was in- 
clined to regard their reference to this Dinosaur only as provisional, 
the view taken, he understood, by the Author. 

♦ Paia?Gntologia Indica, ser. 4, vol. i. pi. p. 120. 
t Fiide Seeley, Quart, Journ. GeoJ. Soc, vol, xxxix, p. 24fi (1883). 



HE* E. Lti>E£lEXB Oif A HOEAE 07 A EtiCKTSHB 161 


12. On a Molae of a Pliocene Type of Eouirs from Nttbia. By 
B. Lydekker, Esq., B.A., E.G.S., &o. (Bead December 15, 
1886 .) 

A SMALL collection of mammalian remains, obtained during the 
late Soudan expedition by Brigade-Surgeon Archer at Wadi Haifa 
and other places in Nubia, has been submitted to my notice by Dr. 
Wogdward. Many of the specimens are evidently of comparatively 
recent origin ; but those from Wadi Haifa are in much the same 
mineral condition as the bones from the Upper Pliocene of the 
Val d’Arno in Tuscany, or the Lower Pleistocene of the Narbada 
valley in India. Among these remains are several specimens 
belonging to a large species of Bos or allied genus, which do not 
admit of any attempt at specific determination ; but they also com- 
prise an upper molar of an Equus^ which is of very considerable 
interest. 

It may be well to recall that so long ago as 1865 the late Dr. 
Falconer described, in the Hocicty’s Journal^, part of the left 
maxilla of a Hippopotamus obtained from fluviatilo beds at Kalabshi 
(Kalabshee or Kalabsheh), a village situated on the Nile a short 
distance above the first cataract at Assouan, and about 150 miles 
north of Wadi Haifa, which is at the second, or great cataract. 
Dr. Falconer referred his specimen, which he observed was in the 
same state of mineralization as the Yald’Arno fossils, to the existing 
H, ampJtibhis, although remarking that it agreed in size with the 
teeth of the Pliocene Val d'Arno form, which at that time was 
regarded as specifically distinct. 

The specimen forming the subject of the present communication 
(figured from the crown -surface in the accompanying woodcut) 



Equus, sp. A right upper cheek-tooth (? m .\ ), from the Upper Tertiary of the 
Nile valley at Wadi Haifa, e anterior, and /posterior inner pillar. 

consists of a right u])per cheek-tooth, which, from its comparatively 
small size, is probably the first or second of the true molar series, 

* Quart. Journ. Geol. Soc. vol. xxi. p. 673. See also the writer’s ‘Catalogue 
of the Fossil Mammalia in the British Museum/ part ii. p. 279, No. 40855 
(1885). 
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laid is ih a comparatively early stage of wear. The small antero* 
posterior diameter of the anterior inner pillar (e), and especially the 
slight jn‘oduction of the part of this piUar placed posteriorly to the 

neck,” or point of junction with the main body of the crown, indi- 
cates that the specimen does not belong to any of the later Pleistocene 
or recent species of the genus, but to that more generalized group 
comprising E, sivalensis of the Pliocene of India, and E, Sfenonis of 
the Upper Pliocene of the Yal d’Arno and Algeria and of the Norfolk 
Forest- bed*. With regard to the upper cheek-teeth of those two 
forms f which Dr. Forsyth-Major f regards as identical, it appears that 
in the former the crown-surface of the antero-internal pillar is on the 
average decidedly more elongated than in the latter and that it 
has a greater tendency to the production of its anterior extremity 
in advance of the “ neck,” in which respects it makes an approach to 
E, F.-Major §, and is there])y connected with the recent 

species of the genus. Now" in the form and connexions of the 
pillar in question the Nubian tooth agrees so exactly with the 
Indian species (being, indeed, absolutely undistiuguisliable from the 
first true molar of the maxilla of the opposite side represented in 
pi. xiv. fig. 2 of the ‘ Palceontologiu Indiea,’ ser. 10, vol. ii.) that, 
if found in India, it would bo unhesitatingly referred to that 
species. 

When, how'cver, W'e call to mind the apparent impossibility of 
distinguishing many of the existing species of the genus by their 
teeth alone, it would he rash to say that the. Nubian fossil belonged 
to E. swalensis ; and it wall accordingly be advisable to regard it 
as apparently indicating the occurrence in that region of a species 
belonging to the same group, and also as affording pretty conclusive 
evidence that the ossiferous beds of Wadi Haifa, and probably, 
therefore, those of Kalabshi, are either of Lowx'st Pleistocene or of 
Upper Pliocene age, since this group of horses, both in Fiiirope and 
Algeria, and in India is unknown after the j)eriod of the Norfolk 
Forest-hed, which is either lowest Pleistocene or highest Pliocene. 

The specimen is, howxwer, of interest from another point of view. 
I have previously expressed an opinion || that the modern African 
genera, found in the Pliocene of India, may have reached Africa by 
way of the Gulf of Aden ; and it is therefore of especial interest to 
find in the Tertiary of Nubia a member of the primitive group of 
the genus Equus^ wdiich is apparently more nearly allied to the 
Siwalik than to the European species. The occurrence of Hippo- 
potamxis amphihius in the same deposits indicattJs, however, that the 
early fauna of this part of Africa was also connected with that of 
Pliocene and Pleistocene Eiiroi)e, although this connexion was, 
perhaps, not so close as in Algeria, where we find in the Pliocene 

* See ‘ Cat. Foss. Mamin. Brit. Mus.’ pt. iii. p. 71 (1880). 

t Quart. Journ. Geol. Soc. vol. xli. p. 2 (1885). 

J Compare the figures given by the writer in the ‘ Palaontologia Indica/ 
ser. 10, vol. ii. pi. xiv., witli those given by Forsyth-Major in hie “ G-eschichte 
der fossilen Pferde, etc.” (Abh. sehwz. pal. Ges.), pis. i., ii. 

§ Op. cit. pi. ii. fig. 1. 

II Quart. Journ. Geol. Soc. vol. xhi. p. 176 (1886). 



B* LTBI^EXBB OK A HOXiAR OB A PLIOOmB EOTTBS. 163 

tooth which axe undoubtedly referable to Equus Stenonis acoompanied 
by others which not improbably belong to Ele^Jias mendimaUs 
If further collections of mammalian remains should eventually 
reach us from the valley of the Upper Nile, I think we may con- 
fidently expect that they will afford important information with 
regard to the relations of the Pliocene faunas of India and Europe 
with the existing fauna of Africa. 

[P.S. — The observations of Drs. Woodward and Blanford men- 
tioned below, in regard to the remains of Deer from the Wadi Haifa 
beds, lend support to the view taken above as to the comparative 
antiquity of those deposits.] 


Biscussion. 

The Pkesident remarked that all the materials for the evening’s 
work had been supplied from the British Museum (Natural History). 

Br. Woodward spoke of remains of Beer and Bos which appeared 
to be in the same mineralized condition as those of Eqwm ; they were 
well-fossilized bones from high above the present Nile level, and 
were probably of Tertiary age. 

Br. Blaxeokd spoke of ihe occurrence of fossil Beer in Nubia as ex- 
traordinary, since the tj'uo Beer now only occur in North Africa, none 
cast of the Sahara, where the Beer arc replaced by Antelopes. The 
link shown with Indian Tcrtiarics was important. The fact recently 
ascertained by Mr. Lydekker that true liabooiis existed in Pliocene 
Siwalik beds and even later, showed a resemblance between the 
Indian and African fbuiias. All this pointed to a difierent distri- 
bution of land during the lato Tertiary ]>eriod in the Persian Gulf 
and {Straits of Bab-el-mandeb. Signs of depression may even now 
be seen in the former. 

Br. Hicks pointed to the three stages of development shown in 
the drawings of teeth exhibited, and asked, why do wo find a higher 
form in association wdth a lower ? 

Mr. E. T. Newtox remarked on the little that was known of 
fossils from that part of Africa, and thought the Beer- antler alluded 
to by Br. AV oodward even more interesting than the Horse’s tooth. 
The teeth of the Itocent and Pleistocene Horses w^ere extremely 
difficult to distinguish, and he thought the tooth exhibited might 
have belonged to one of the existing African species. Was there 
any other evidence as to the probable age of the beds ? The 
Beer would seem to indicate earlier beds than could be inferred 
from the presence of the Horse. 

Br. Woodward observed that the remains came from difierent 
doj)osits, but the piece of Beer’s antler was certainly associated 
with the tooth of Horse. 

The President said that amongst some remains brought from the 
Soudan was a tooth decided to have been that of a very large 
Antelope. 


* See * Cat. Fobs. Mamm. Brit. Mas.’ pt. iv. p. 108 (1886). 
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^ The Author, in reply, remarked that Eqtitis Bienonis, in Algeria, 
18 associated "with the remains of Deer. E, Stenonis is intermediate 
between i/ipparion and E, cahaUiis ; but it is impossible at present 
to say where the evolution connecting these forms took place. He 
concluded that the evidence was in favour of the species being one 
of those which disappeared towards tho close of the Pliocene period. 
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13. The Tereaces of Rotomahana, N. Z. By Josiah Martin, Esq., 

E.G.S., Auckland, N. Z. (Read Pebruary 9, 1887.) 

The destructioD, by explosion connected with the eruption of 
Tarawera, 10th June, 1886, of the world-renowned Terraces of 
Rotomahana invests with a melancholy interest the subject of this 
paper. A calamity so complete and overwhelming that not a 
vestige of these magnificent monuments of Nature’s architecture 
remains to mark their site, has called forth expressions of sincere 
regret, not merely from the inhabitants of New Zealand, but also 
from every student of Nature’s phenomena, every lover of the 
picturesque and beautiful, as well as from every casual visitor to 
this wonderful district. 

As the chief centre of attraction to tourists through the Hot-Lake 
district, the Terraces of Rotomahana have been frequently described. 
Poets, men of science, and historians have endeavoured to express 
in varied language the impressions which these unique structures 
have produced upon them, while painting and photography have made 
known to some extent their delicacy of colour ancl v.iriety of form. 
Most of the writers have, however, admitted their inability to 
give, from a, raj)id survey of the whole, more than a brief and 
incomplete description. In fact nothing beyond a generalized or 
vague idea could be acquired, except by a prolonged residence on 
the spot, a close familiarity with the place in all its varying aspects, 
a continuous study of the marvellous range of phenomena, and an 
intimate acquaintance with and patient observation of their 
j)eriodicity and more salient characteristics. 

The largest and most important structure, but lately so well 
kiiOAvn as the White Terrace, was of very recent geological formation. 
Its origin, the Terata Geyser, was situated in a crater-like hollow 
near the centre of a conical hill of steaming and partially decom- 
posed felspathic tuff on the south-east side of the warm lake Roto- 
mahana. Outspreading fan-like from its cauldron, 100 feet above 
the lake, and descending by terraced steps of white sinter in a sector 
of 60° to a broad flat of indurated mud, it encroached upon the lake 
with a wide sweeping curve measuring 800 feet (see fig. p. 167). 
The distance from the apex to the frontage was e(jual to a radius 
of 800 feet, and the measurement gives an area of about 320,000 
square feet or about 71 acres. 

The Terrace was divided by marked differences of structure and 
elevation into : — 

1. The Upper Terrace, with its long horizontal lines of cups 

steaming and overflowing with hot water. 

2. The Middle Terrace, with ii& massive steps and shaggy fringes 

without basins or receptacles for the overflow. 

3. The Lower Plateau, a series of shallow basins and wide level 

platforms. 
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Measurements along a line of radius from the lake to the summit 
gave the following results : — 
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The Great Cauldron, or Basin, when empty, appeared bo be 
an extensive excavation lined, decorated and richly ornamented 
with the characteristic deposit of snow-white sinter. Its form was 
elliptical, with a longer diameter of 200 feet and a shorter of 
165 feet. 

The sides of the Cauldron formed a nearly vertical wall 10 fe(it 
high, which extended about halfway round on the east side, the 
other portion sloping inward at an average angle of 80° to a dci)tli 
of about 20 feet, except under the “ Lion llock,^^ where a magnificent 
cornice overhung a perpendicular wall 14 feet in height. 

The hasin-floor was broken into large irregular masses, the whole 
surface being roughly corrugated into v avy linos (probably caused 
by convection-currents) and presenting the appearance of wind- 
drifted snow. 

The Canldron was enclosed by a smoothed and perfectly level 
rim of silica, about 6 feet in average width. 

This enclosing rim formed a pathway round the Cauldron, except 
on the south side, where its continuity was broken for a distance of 
40 feet, being perforated by a number of small steam-holes. 

The crater-walls, excavated from the hill by hydrothermal action, 
rose abrupt and dark from the outer circumference of the rim. 

Prom 50 feet in height behind the Cauldron this wall sloped, 
as it embraced the hollow, to tho sharp ridges which formed the side 
of the entrance, and, with the “ Lion liock,’’ probably, at an earlier 
period, completed the circuit at a height of from 12 to 15 feet above 
the level of its recent overflow. 

The opening to the upper platform in front of the Cauldron 
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extended 123 feet, and near the middle stood the “ Lion Eock,” a 
mass of harder material (which had resisted disintegration), 35 feet 
in length at its base and 10 feet in height. This encroached con- 
siderably within the elliptical area of the Cauldron, rendering its 
surface reniform in contour. 


SJcetch Plan and Section of the White Terrace^ Poto^nahana, 
in November 1885. 



Lake Botomaliaiia. 


The opening to the Tunnel was situated about 30 feet to the 
south-west of the centre of the basin, at a depth of 30 feet below 
the rim ; it measured 15 feet across, narrowing at a further depth 
of 8 feet into a tube apparently 6 foot in diameter. 

The activity of the Geyser varied greatly. From furious ebullition 
with a rushing overflow fully 1 0 inches in depth across the whole 
opening, it would subside into its normal discharge, welling up and 
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over in ripples of about one inch in depth ; frequently the overflow 
would cease, fluctuations continuing within the basin ; and 
occasionally the water retired altogether within the tube, leaving 
the basin dry. 

During rapid alternations of activity and rest the whole contents 
of the Cauldron have been observed to retire within the tube in six 
hours, and the most rapid refilling noticed has taken four hours to 
complete. 

The process of refilling sometimes commenced slowly and was 
coniinued steadily, while at other times the action would be s])as- 
raodic, and violent eruptions of water would be thrown to an 
enormous height, sometimes falling beyond the area ot‘ the basin. 

Troiu the measurements taken of the interior of the Cauldron, its 
capacity would be about million gallons. 

From numerous and independent observations the activity for 100 
days may be stated as : — 


days. 


1. Excessive. — Violent disturbances, basin filling in 4 hours 

with overflow of ()00,000 gallons per hour 2 

2. Extraordiniiry. — Dasin filling in from 0 to 12 hours, overflow 

from 200,000 to 400,0(MJ gallons per hour 8 

3. Normal. — Constant ebullition in basin, dense steam-clouds, 

frequent geyser-fountains from 20 to 30 feet above surface, 
water welling over in rippling waves at 100,000 gallons 
per hour 75 

4. Feeble. — Iteduoed geyser-action, water rising and falling 

within the basin, little or no overflow 10 

5. Quiet. — Water low, showing floor of basin 3 

6. Dry. — ^Water all retired within the tube 2 


100 

Heavy N.E. weather, with falling barometer, was usually assoeiated 
with excessive action ; the water frecpiciitl^" retired, leaving the 
basin dry, when the wind was from the south, with a clear sky and 
rising barometer. 

Closely comparing the movement of the aneroid with the period- 
icity of action gave, however, very unsatisfac^tory results. For three 
days the activity of the Geyser exactly cori’espondcd with the 
movement of the l)arometer — overflow ceasing and the water 
retiring into the tube when the baroiiioter was rising and wind 
changing from W. to 8., and activity being resumed directly the 
barometer indicated a downward tendency and the wind shifted 
toward N.E. 

Oil three following days similar changes of activity took place 
under exactly opposite conditions as to wind and barometric pressure. 
During six days succeeding the overflow continued normal, although 
similar atmos^iheric changes were experienced. 
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An approximate analysis of the water gave about 150 grains of 
solid matter per gallon, viz. : — 


Silica, free and combined with soda 60 

Sodium and potassium chlorides 60 

Alkalies, chiefly soda 30 

Sodium sul2)haie, and other salts 10 
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The amount of rock material thus withdrawn in solution by this 
geyser at its normal rate of discharge would amount to about ten 
tons per day. Hcvcral observations lead to the conclusion that at 
least ten per cent, of tho silica would be deposited upon the surface 
covered by the overflow. This would be equivalent to about 120 
tons per year, and give an average deposit over the entire surface 
of one inch in fifteen years. Upon the u])por portions of the 
structure the deposit had formed as rapidly as one inch in five 
jx'ars upon various objects placed for experiment in the course of 
the overflow. 

The Upper Flatform extended east and west in front of the basin 
for 1 30 feet. Its width at the west end was 15 feet, and at the east 
10 feet. In front foward the centre it oj)ened out into two large 
shallow basins. The larger (No. 2 on plan) circular in outline with 
a diarneder of 00 feet, the other (No. 3) semicircular, with a (jurious 
double outer rim, had a radius of 20 feet, and bc^tween them was a 
slightly depressed cbamiel 4 feet wide. The outer (eastern) portion 
of the platform was very curiously broken into miniature lakes and 
islands, with peninsular points and crescent ed bays. The surfaces of 
tho elevations were smooth, and of uniform level with tho rest of the 
platform and rim of Cauldron (No. 1). These small depressions, as 
well as the hollows of the two basins (Nos. 2 & 3), had the nearly 
uniform depth of twelve inches. The sides of tho elevations and the 
floor of the depressions were covered with delicate coral-like deposits 
of exquisite beauty. 

When tlie platform was covered by the overflow, these numerous 
and bcjintiful depressions escaped notice, the whole surface appearing 
as a level sheet of water, the visitor being cautiously conducted 
along tho narrow path in front of the rock over which the water 
would he rip2)ling from the Cauldron. 

The double outer rim of No. 3 basin enclosed a deep and beauti- 
fully ornamented crescent, a yard in width at the widest part. The 
sides and dcptlis were covered with projecting and interlacing points 
of coral-like sinter, similar in character and disposition to the fleecy 
masses which were scattered over tho basin floor and which 
promised in time to fill ii]) the entire cavity. 

This seemed to afford strong evidence that the crescent as well as 
the other dej^ressions could not have been excavated by the same 
agency as that by which they were slowly but certainly filling. 

The breach or outer wall of this (No. 3) basin formed a wavy 
semicircle ten yards in extent and about six feet in height, thickly 
set with rough projecting bosses and mammillary points, 
a. J. G. S. No. 170. N 
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The outwork of No. 2 basin formed a massive wall ten feet in 
height, with similar decorations, and presented a conspicuous 
apx)earance when the terrace 'was viewed from the lower levels. The 
wondrous horizontal lines of “cu])s” were situaled immediately 
below, on the west and east iminls of the Upper Tlatform, meeting 
the circular walls of the basins ; joining at their base, these continued 
the regular parallels riglit across the front of the Terrace. 

The tiers or rows of “ cii]>s^’ might be chissed in four sections, 
each with its own sj)ecializcd structure and form ; — 

1. East lines, slope 1 in 8. 

2. West lines, slo])e 1 in 5. 

Jf. Stco}) })aHins (central), slope 1 in 3. 

4. J^ower series, sloi)o 1 in 10. 

(1) Upon the up])er (^astern portion their crisp and sparkling 
lips projected like open hivalve shells, overhanging half the cup 
beneath ; seen from below th(‘y formed long lines of varying height 
but j)erfeci in their horizontality ; and in section they would ap 2 )ear 
as a series of crescents, set with points j)rojecting upwards. 

(2) f)ri the other ])()rtioTis of tlie u]>pcr slope the projecting rims 
wore reduc(Hl and roundc'd, and formed per]>endiculfir walls with 
protiiherant 

(8) Und<T the walls of basins Nos. 2 & 8 these rcco]>taclcs were 
ste(‘]H*r and holder, and formed a scrii's of IWonifrd Jiaslus, which 
h(‘ing a little distance from the heat(‘n track W'ere rarely se(!n by 
visitors. Tlieir eh'vntions were curiously (*mhosscd ami adormai 
with rosette-like a])])endng<'s, M’hich, when the T(‘rracc was jmiially 
dry, stood outu hite in bold relief u])on a grey ground, and 2 )rf\seijt ed 
to the spectator a more ])erfect ideal of ricli ornamentation than 
could be .s(?en elsewlu're on any ])art of this wonderful structure. 

(4) The low<*r seritvs of enclosures opened out into wide shallow 
areas, hounded by low narrow sinuous ridg<‘H, almost unnotic'ed when 
dry, hut strongly defining the differences of eh'vation M’hen covered 
by f ho overflow. AN’lieu s 'on full and ovei flowing from above, tliese 
receptacles a])j)carod as segments of azure, outlined with arcs of 
creamy white, infinili' in variety of siz<\ from a semicircle a few 
inches in diameter, to long and w avy outliiu'sof from 50 or tiO feet, 
enclosing j>ools from one to six feet in width, wuth a few larger 
areas showing a de<‘])er blue outlined in tij-nuu* lin(vs. 

In this seri(‘s of “ cups the silica was deposited by rapid evapo- 
ration in a granular form, and w'hen dry had the dazzling bril- 
liancy of frost- work ; yet so firm and adherent w ere the ])article8 
that they wore with difhculty erushed or scra])cd away, the outer 
rim or edge being more compact than the interior. 

The upper and lower portions of the Terrace were distinctly 
separated by the groat wall, popularly known as the Gicmt Buttress, 
which extended ite level summit in a w-avy outline for more than 80 
feet, supporting the shallow pools of the lJpi>er Terrace. Its front 
was draped with overlapping wool-like fringes and stalactitic pen- 
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dants, from wbich the overflow trickled in a glistening shower. 
This was the most conspicuous portion of the whole structure, the 
gradual descent of the formation on either side loavitig the centre 
overhanging more than twelve feet above a basin wdiich beautifully 
reflect od its curious architecture. 

This natural division was also marked by a level path varying in 
wddlh from 2 to 20 feet, which extended right across the face of the 
Terrace from east to Avest, broken only by a ft'W' sle])s near the 
centre. 

l']>on this belt, and almost exactly in tlie centre of the Terrace, 
was tlie rough ])rolruding rock known from iks peculiar sliai)0 as the 

A little further towards the east was the Broh n a circular 

pool 12 feet in diameter, about 20 inches deep, of similar lieight 
iij>()n its outer front, tlie only ’warm-watia- basin on the A\'hite 
I’l'rrac-i; di'ej) enough to be used as a bath ; its temperature vari(‘d, 
accoi'ding to the overflow, from 120 to 00'^, its interior surface was 
rough like concrete, and a sediiiK'ntary dejjosil was (listurh(‘d Avhon 
bathing. Somii time ago an opening must ha>e hccu roughly hown 
out of the rim, forming a d(‘presscd lip about 12 incb(‘s across and 4 
inches deej), through wliich the overflow poured into another shallow 
basin below. 

The deposition of sinter b(‘ro must have bt‘en very slow, as 
scratches and markings made in the hollow of the hrukcai lip two 
years since were barely covered by a thin gla/e. 

The MidtlJe Ti rrucc, 

The central portion of this part of the struct un*, was distinguished 
by a scries of massive, rugged, and ri]i]>li;d })erpendiculai' (devations, 
many of which exi’ceded six feet iiilnaglit; some w(Te decorated 
with jiendcnt wool-like fringes, some willi dec^idy (iigravcd jiarullel 
lines, and others w ith small upturned scales. The central ones w ore 
ai>j»roa(;]icd on cither side by hnver ridges, w liicli together formed an 
ascent of alxmt two hundred stcjis. At iiicrtaising distances from 
tin* centre, tliese elevations were again and again reduced until, 
near tin* margin, they merged into Avido incnistod slojiei? marked by 
lines of interlacing ripples which formed protecting ridges less than 
half an inch in height. 

These elevations, allliongli presenting th(^ chara('teristic lines of 
level surface, formed compact platforms, tables, or st(‘ps — only one 
depression occurring in the wdiole scries, and thatbnt a small muddy 
pool. 

Although ttu‘ normal overflow^ covered the Avhole of the Terraco, 
any diminution in quantity left many of these central masses dry. 
The deposition of silica appeared to ho scarcely sufficient to jireserve 
the compact character of the surface, and those jiarts most exposed 
to the action of the atmosphere were disintegrating and becoming 
loose and fragmentary. 

It seems but reasonable to suppose that those central elevations 
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had boon formed before the lateral slopes were cleared of vegetation, 
as such masses could scarcely have been deposited by aqueous 
agency if such a free outlet as the sloping sides had been open to 
the escaping flood. 

The Eastern Wing of the Terrace, divided from the Middle Terrace 
by a clump of stout manuka trees, formed a steep slo])e of sinter 
deposit rippled into small wavy lines. Under the trees some very 
nteresting features of new formation were o])Scryed, the prostrate 
branches forming tlic foundation of ridges, ami drifting twigs and 
leaves collecting in the hollows became incrusted and cemented, 
forming recei)lacles sijiiilar in character to those upon the Great 
TeJTace. 

'J’lio Wing was separated hy a deep cleft and some 

mnaller cJumj>s of hush. Its dejiosit was similar in cJiaraetcr to 
that of tlieeast wing. Its lower portion was more extensive and 
formed wide sliallow areas, hounded hy ridges of from one to three 
indues in height; these frc'quently contained heauliful tn'C-liko 
accretions, which rising on a stem, spread their branches on the 
surface, the largest 8])eciTnens extending over four inches. 

The Cold-irater Easins formed the front extensioji of the lower 
central portion of the Terraco. Viewed from a])ovo, tiny exhibited 
an extraordinary oomhination of circular and (U'eseented areas, 
extending fiom live to twenty feet acrf)ss, of i)a]e, opalescent blue, 
outlined hy broad rims of grey and brown, with encroaching 
margins of siliceous mud. 

From l)(‘l()w they formed an ascending Reri(‘s of from one to four 
feet in hdght, with rough ])er]>endieular waits, in some iiistauces 
with a slightly i)rojeetiiig cornice, streak(Ml with vertical lines of 
white, gny, and brown, mingled with various stains. 

Tlujir de])th a])])eared to correspond to their luught. The surface- 
water was cloudy from suspemh'd silica, and the basins full of a fim‘ 
siliceous ooze, gelatinous and cold. The contents of tliese rt‘ce])tacles 
showed every stage of eonsolidatiou, and majiy laid alnaady heeome 
comi)aet tabular blocks. The conversion of* the alkaline* silicates 
into carbonates hy ox])osure to the atinosplaa-e would precipitate 
the silica in the forms observed in these basins. 

The outward trend of twery curve in this wonderful series, and 
the gradual deseent from the apex or summit, seems to indicate their 
origin from the grmit cauldron above. The tluan v of the formation 
of the structure from siliceous deposition only fails to account for the 
erection of sucli regular basins at such a distance from the source 
the cooled overttow leaving here so little surface-dc'posit ; and 
further the excavation ol the hasin-hollows could searedy have been 
effected by the same agency as that by which they were now con- 
solidating. 

The Lower Plateau skirting the Terrace on the lake-border marked 
by Its regular gradations the gradual lowering of the lake-level 
through a distance of about four feet. Along the edge of the 
prrace it formed a sinter pavement, loose and fragmentary, readily 
detached m surface-las ers of about an inch in thickness. many 
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places it was broken through by clumps of trees or small shrubs, 
and many rush-covered patches appeared on the softer parts. 

Towards the lake the margin became uncertain and treacherous, 
and the boiindaiy between terrace-deposit and lake-mud was unde- 
fined. 

Cliamjes in Appearance, 

The want of a series of S 3 ^stcmafic observations of the rate and 
form of deposit can never be sup])lied. 

Comparing photograjdis and notes taken in 1883 with experiences 
two 3 'ears later, it was found that marked changes were taking place 
upon the up])er part of the TiTrace. 

The surface previously covered )w an acieular do])()sit had now a 
more granular eharacler, and instead of crunching under foot like 
hoar-frost, it had the yielding nature of a layer of snow. 

Tlio overtiow had also worn a slightly dt‘pressed (.*hannoI, leading 
from the cauldron across the platform, between ilio two slialJuw 
upper basins already described. Tlie Hood rising to tlie lip of the 
cauldron flowed through this channel and jioured clow n the centre 
of the Terrace. 

^Jdio erosion of this stream was evidently dev'pioiing its own 
channel and sTiiootbing the surface of those* masses over which it 
])oure(l, while it threatened in time to idler the whole appc'Jiranco 
of tlu^ l'])i)er Terrace. 

As the watiu’ ros(^ more rapidly than it could escape l)y this ihjw 
channel, it next tilled the circular outer basin (No. IJ), and then tlio 
oth(‘r largo ar(‘a (No. 3); a further rise spread ovit the W(tsterri 
end of the ]datforrn and down the trees on that sidi^, the reco]»lardoB 
on the east side being supplied by a cooler stream overtlowing from 
th(^ basin (No. 3). 

Tliis change of direction from that of the previous]}^ charac- 
ti’ristic uniform overflow was also a])piirent in the oningo coloriition 
which was extending over the eastern tiors, ])rf>]):ib]y due to con- 
f('rvie. "Idle temjiorature of the water in these depressions was only 
lot) , while in those at the same level on the western side it was 30° 
warmer. 

llefore attein])ting an exphuiation of the peculiar arcliiUicture 
of the Terrace, it will be necessary to tiiko into Jiccount tlu; (Uior- 
nious amount of material removed from the hill in excavating tho 
crater and cauldron ; from careful measurements this cannot he 
estimated at less than iiiilliori cubic fet^t, an amount Cfjual to a 
deposit of (‘igbt fe(;t in thickness over the cntii-ci area of tho 
Terrace. This detritus must either have lieen can it-d away with 
the overflow into the lake or deposited upon the liill-slojics. 

Observing that the erosive action of the overflow was cutting a 
channel througti the hard siliceous pavement of the upper platform, 
the torrent would cerfainh' have opened a gorge through tho soft 
rock, if in its initial form the Terata Geyser had exhibited similar 
characteristics to those with which we have been familiar. 

Or had its earlier activity been more feeble and intermittent, tho 
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overflow would have spread its surface-deposits over the face of the 
hill, as exhibited in the sinter formations of other hot springs in 
the district. 

It also apx)ears quite evident that the siliceous lining of the great 
cauldron could not have been deposited until the process of excava- 
tion was nearl)^ complete, and that the solid precipitous walls, the 
comparatively level door, and the perfectly level encircling rim must 
have acquired stability of form before the deposition of silica upon 
their surface. 

The extension of the ])latform in front of the cauldron and the 
massive walls and basins which characterize the siriieture suggest 
to the careful obsorvtT the probability tiuit their ft»riuati()n was due 
to the deposit, in a plastic condition, of the material thus removed 
from the crat.(jr. 

The plienomrna of mud volcanoes exhibited at the jdateau of 
llotokauapanM])a aflord to the geologist valuable iMcIications of the 
pro]>able apjx'aranc^e of the Terata cauldron in the earlier stages of 
its activity. circular area, of similar size to the crater of the 

"White Terraco, was situated in a hollow of th(‘- same hill, a few 
chains further towards the west/, where the continued or iiitcn-init- 
tent action ofstxiam esca,j)ing through felspathic tuti‘ bad graflually 
converted the rock into a perfectly level lake of mud and clay. 
The surface was oov(u*('(l with a senii-li(|uid layer from which rose 
a larg<^ number of miniature cones and craters varying in diam(‘tcr 
from 2 to 20 leet, the former emitting steam, wuth occasional s])ata 
of mud, the latter bubbling and seething like boiling ])asto or ])or ridge. 
Around the edge or ontcT rim of the area the mud was sutHci('ntly 
coiu]>act to lorin a iirm and safe footpath, while towards the centre 
it became very soft and hot. 

Extoucliiig through a narrow outlet oven* the slope towards 
llotoiiiahaiia, the mud overtiow' preserved the same unifo]*mity of 
level until it fell abruptly over a roundc'd breastwork wdiich w'as 
encroaching upon the vegetution ou the bill-side ; the surplus w ater, 
thick and (treamy at first, de])osii(‘d its solid matter in liolbms and 
upon obstruclions, and linally escaped dear through the scrub to 
the lake. 

If this condition had been succeeded by a gradual increase of 
thvrmnl activity, it seems but rcasonabJe to sup])o.sc tJjat tlu‘ softer 
clays around the centi't's of action w*ould bo slowly removes], to 
accumulate as masses of deposit u])on tlie slopes below. Inter- 
mittent dischai’gos of siliceous water wmuld carry forw*ard streams 
of jdastic clay, w'bicb on meeting level ground w^onld spread out and 
form swooping curves «>f low^ elevation; this deposit would rapidly 
harden, as it dried upon the outer surface, into a cement like 
concrete ; other following deposits resting upon those already laid 
would foi*m a series ot terraced steps. Succeeding streams of 
water penetrating through surface-cracks w*ould excavate the still 
soft and plastic in tenor and redei)nsit the solid material thus re- 
moved,^ in the form of overhanging lips w^ith pendent or stalac- 
titic fringes, or as sinidler iiilermediate steps, instances of which 
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can be observed at the white mud craters of Wairakei, near 
Taupo. 

The comparative study of local phenomena thus appears to favour 
the theory that the initial activity of Terata was very similar to that 
of Kotokanapanapa, and that the successive periods which mark the 
history of the formation of the White Terrace correspond with the 
increasing activity of its source. 

The hill surrounding Terata being pierced by numerous steam- 
jets, it is exceedingly probable that a large number around a common 
centre originally combined to form a crater-lake of seething mud. 
As activity increased, the outer wall of the crater Avould be occa- 
sionally broken dowm, and escaping mud-stroams would bo as 
frequently liberated. These periodical overflows would form by 
suporimposition upon the hill- slopes the foundation of this curious 
and complex terraced scries. The earlier streams moving slowly 
through the vegetation on the hill-side, spread out n])on the level 
ground at the base, forraingthai beautiful series of (•.ur\'es previously 
described as the Cohl-water The (*X(!avation of tlieso 

basins would be easily effected, if, after the iiuluraliiui of tlic*ir outer 
W'alls, rtuiHUK/ vutter ])enet rated through surface-cracks before the 
consolidation of their central mass. 

The central steeps, whb.li rise immediately above those basins, 
appear to have been built u]) by the masses of jdastic clay, which 
issued at BU(;cessivo i)crio(ls as the wall of the cratiu* yielded to the 
incrcfising activity. 

The up]>er platform, with its massive circular outworks, would 
have be(?ri formed as the enlargement of the crater-gap iucreastd to 
its historic dimensions, and the level surface, including that of the 
encircling rim, indicates a pcu’iod \vhen this entire area was in a soft 
and plastic condition. 

As the eruptive force augmented, and as intermittent geyscr- 
foimtains succeeded, the siiialbu' vents within the area would tend 
to unite in one enlarged vertical tube. The argillaceous contents, 
reduced to an exceedingly tine state of subdivision, would by pro- 
longed boiling be removed and replaced by a siliceous cement, the 
more com])act encircling rim being left entire around the cauldron. 

The nnmerons tiers of shallow receptacles known as tlio llp^x'r 
Seritii, hot-water basins, or ‘ cups ' appear to owe their regular out- 
lines to the successive waves of siliceous material wdiicb overflowed 
periodically during the excavation of the cauldron. Evaporation 
w^oiild cause this material to harden rapidly from its outer surface, 
and thus the lines of elevation w^ould be maintained wIkti tlu; softer 
interior was removed by succeeding currents. Percolation of water 
through the pores w'ould increase the dcjposit of silica within the 
interstices of the mass and further harden the basin-walls. Thus 
deposition and removal combined to produce that exquisite variety 
of form which characterized these horizontal lines of deposition. 

The curious depressions upon the Upper Platform are also readily 
explained ux)on the hypothesis that the crust of the upper strata of 
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argillaceous deposit was broken through, and the softer parts of the 
interior removed. 

Thermal activity within the cauldron haviug at length removed 
the softened rock, the deposition of siliceous incrustation in all its 
varied forms of elaborate crystalline ornamentation would decorate 
the foundations previously laid with that enchanting beauty which 
was the glory of the White Terrace. 

()tuka})uaranga, or the Tirdc Terraco, situated on the c»]>positc side 
of Kotomabana, about a qiuiHc'r of a mile further towards tlui west, 
had a frontage of 140 fe(‘t, and at a distance of 405 feet rose to tho 
height of <S5 fe.ct. Of similar but <dder formation, and rescunbliug 
tho White lorrace in its essential features, it ddfered in many 
important details. 

The colour from which itB name was derived w'as characteristic 
only of tho older deposits, which a Tunv smooth udiito enamel was 
slowly obliterating. There were also numerous indicfitions of 
diminution in tlu^ atdivity of its source, and of a probable change in 
tho eonstitucrit-s of its overtlow. 

Tho structure may l)e considered in four divisions, corresponding 
to difrcrencos in tho angle of inclination, viz. : — 

1 . The h'ront riateau. 

2. 4’ho iMiddh? Terraco. 

Th(^ Upi)er riat forms. 

4, Tho Jiasiii or Cauldron. 

(1) . The Front ITiteau extondt'd as a gentle slope {iu>t wide 
along the frontages, where it rose abrujdly about 2 Icet above the 
lake. 

The overtlow being confimrd to a ccmtral space 45 feet wide, tho 
other portions were ]>artiullY overgrown Avith moss and scrub, 
except at a narrow^ channel formed oji tin* eastern imirgin. 

(2) . The JVliddlo Terrace, or Terrace proper, consisted of sixteen 
well-defined tabular elevations averaging 4 feet in height, ap- 
proached by numerous subordinate or intermediate steps, reduced on 
the margins to rijqiled and irregular cascaues, which formed an easy 
ascent. 

(3) . Tho upper levels, a series of wide, smootli platforms, rising 
by slight elevations, extend<?d completely across the Upper Terrace, 
a distance of 224 feet. Here were situated the “ baths,” a series of 
eight hot-water basins, Avhich were tho only depressions on the 
Terrace. 

Tho Baths were smooth shallow cavities, crescentic in outline, 
averaging i) feet by B feet, with a depth of from 2 to H feet, 
ranging in temperature, according to distance from the Cauldron, 
from fM)® to 

Tho four principal bathing-pools were situated near tho centre on 
rising grades, with an elevation of one foot, the massive fronts of 
the upper baths i)rojecting considerably over the basin-area below. 

(4) . The Cauldron measured about 150x100 feet, and was 
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surrounded by a level rim, in width from 5 to 30 feet. The great 
basin appeared to be always full of deep-blue boiling water, edged 
with su ix>hur and cash rouded by a veil of stea m . I' su al 1 y overdo wi ug 
without agitation, it was occasionally disturbed by vave-like 
upheavals. Its margin could only be a])proached at one ]nivt of its 
circumference, where soundings gave a depth of tifl t t ii feet, and the 
wall just below the surface was seen set with spiny ridges. 

JiTear the centre of the boiling lake was a dome or mass of sjxnigy 
sinter, whicli could bo seen only when the steam drifted away and 
the surl'aco was unrudh^d. 

Ey the terrible catastro])be of dune 10, b^si), the waters of lakes 
Eotomakiriri and Hotomahana were drawn into the in^wly optuied 
fissure, whicli bad original ( h 1 at the has(‘ of Iluawahiu or 'farawera, 
and by the e.xtraordinarv exjdosions Avhieh sne(‘e(*dcd, tlie terraces 
of Kotoinahaiui were blown away, and wid(^ sti'aming areas of 
desolation arc all that remain to mark the site of these once world- 
renowned structures. 

(For the Discrssjox on this paper, sec p. 18S.) 
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14, The Ekuptiox of Mouxt Taeawera. By Ciiptain F. W, Hutton, 
F.G.8. (Head February 9, 38 S7.) 

Tjie eruption of Mt. Tarawera, in the North Island of New Zealand, 
took ]i]aoe on llio lOlli of Juiks 3880. I was not able to leave 
Christohiireh at once, but arrived at Rotorua on tlic iiOth of June, 
llurinp: niy stay in the dist rict, wliicli lasted till 1 4th of July, 1 exam- 
ined Itotomahajia ami Okaro, and went across ihe Kaingaroa plains 
to (lalatea. Subset j went ly, with i’rof. F. 1). Brown and Prof. A. P. 
Thomas, J visited Lakt‘S liotoiti aiul Hotoelju. 

Dtftcriptloyt of Hie District, 

About 2o iuih‘S south- west of I.ako Taui)o is Ruapehu (tig. 1 ), a trun- 
cated cone 9195 fe(^t hi}j;h, covered with ])erpetnal snow. Until lately it 
was tbougbt to be (‘xtinel, and is so described by Dr. von ir.ochst(‘tler ; 
but for siwc'ral months j»ast steam lias occasionally been noticed 
isuiing from the summit, and on the Kith of Ajnil last, Mr. L. 
DuUen, Survtyor, ascemh'd the mountain and found the crater on 
the top tt) be 899 feet dee]), with hot, eddying, and stemming water 

Fig. 1. — i^hefeh Map of ihe North hlaod of New shoininr/ 

(h-ea offr vted hi/ tJiC Ervptioii of 1 9^/i Jane, 1880. (8cale 
299 miles to 1 imh.) 



at the bottom, which had melted the snow all round for 40 feet, 
although about luO feet above the water there was a fringe of ice. 
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The next day a large column of steam, 100 feet high, ascended from 
the crater. No eartli(iuakes are recorded in the neighbourhood 
during the whole of this time. Between Buapehu and Tuupo lies 
Tongariro, the principal cone of which, Ngauruhoe, as well as two 
otlier smaller cones to the north, constantly emit steam. Ngauruhoe 
was in active eruptii)n on July (>, 1870. 

About 130 iniles N.N.E. of Tongariro is AVhit(‘ Tshind, or Waikari, 
in tht* Bay of Plenty (tig. 1 ). It is a solfatara, 800 h'ot high, and sur- 
rounded by water 1 K? feet deej) halfa mile from its shore. Between 
them is a zone, 20 or 30 miles broad, abounding in solfataras, mud 
volcanoes, fumaroles, geysers, and hot springs, wliich has been 
called the Taujjo zone In Dr. von Ifochsteltcn*. Tlu^ scene of the 
recent eruj)tion is in tlie centre of tliis zone, about halfvva}' between 
Tongariro and White Island. 

Mt. Taraw(Ta stands on the eastern side of tlio lake of the sa7no 
name. It is a liat-to])ped ridge about three inilt's long and nearly 
lialf a mile bro.ul, surrounded by rocky pr(‘cijhc(?s, rising ahiiiptly 
from a plateau and sending out a long spur to th(‘ liorth-east, as 
well as a shorter one to the M»uth. The liiglu'st ])oint of th(' ridge 
is 3000 feet above the sea and is called Hu.'iwahia ; imin(‘(liat(‘ly to 
the north is a col, aOoul oOO feet, dc'cp, wtiieli sej)anites from the 
main part of the ri(lg(‘ a smaller and rather lower ])ortion ealh^d 
Wahanga. The southern ])eak of tlu^ 3idg(‘, that which looks over 
liotomahaiia, is called Tarawera by the ^Iaoj*i<‘s, but it is only one 
end of the ri(lg(‘ of whic-h Buawaliia is tlie otljiu*, and Jhiropeans 
generally a])ply the nanio Tarawera. to the whole mountain, including 
Wahanga. It ]wesented no a])j)earancc of being a recent volcano ; 
tlu're was no (^^^(‘r on the to}>, wliicli seems to have* undergone 
(jxtensive denudation ; and the Maories have no tradition of its 
ever having sliowii signs of activity. 

Botoiuahana was some two or throe miles soutli of Tara wera ( fig. 2). 
It was a slialhiw lake, about a mile long and a (jnart er of a mile broad, 
surrounded by numerous fumaroles and hot springs among whicli 
wore the famous AVliite and Pink Terraces. It djained into Lake 
Tarawera by tlie Kaiw'aka stream. Its heigljt above tlu^ sea is 
givtm ])y llochstetter as 1088 feet. A little to the north-east of 
liotoinahaiia, under the S]mr from Mt. Tara^vera, was a small lake 
called Uotomakiriri, on the shores of which wei-(‘- curious, circular 
crater-rings About two and a half miles soiit,li-w<*st, of IvoOima- 
liana is Jiiiother small lake called Okaro ; it lies inimediaO'ly under 
Kukarainea, a ])ointed bill formed of fumarole cla\’s (dt*com]>oscd 
rhyolite) fnmi tlie sides of whicli steam constantly escapes ; but 
tluTc were no hot springs in Okaro. 

The rocks found in the district arc all volcanic, chiefly rhyolite, 
which is generally the sOuiy variety called li panto, hut occasionally 
it is vitreous. Soulli of Itotomahana, however, and j)rohahl 3 ' on the 
soutlieru slopes of Mt. Tarawera, a dark-coloured augite-andosite 
occurs. Near the lujt springs the rocks are all decomposed into soft 
fumarole clays, Avbite, red, yellow, and grey in colour. 

* Ilochetcttcr’a * New Zealand/ p. 419, and figure. 
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Fig. 2 . — Map of the cmmtry around Tarawera Volcano after the 
Eruption of \{)th June^ 188^). (Scjilc 5 miles to I inch.) 
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Account of tJie Erxq^tiotu 

Eartliqnakes of a local cliaracler, but sometimes severe, have 
occasionally been felt in the Turawera district ever since Europeans 
have inhabited the country ; but during the last few months they 
had become mucli more frequent, not enough so, however, to excite 
alarm or even to arouse a suspicion that anything unusual was going 
to ha]»p(*n. Although lUiapcliu had been seen to steam, Tunga- 
riro and White Island remained in their ordinary condition. The 
hot springs at the llotorua had Ixam gradually declining in volume 
and tern p(‘rat lire ; but this, as well as the low level of the lake, was 
no doubt due to llio exeeptionally dry season that had ]>a8sed. 
At the end of IMay a wave, said to be a foot or eight ec'ii inches higli, 
crossed Lake Tarawera; it was inuiccomjiaiiiod by .an earthquake, 
and to this day remains unacv()unt(‘d lor. On ^londay, 7th of June, 
a party of excursionists tVoni Wairoa \isited Ivotoinahana aecom])anied 
by the AV(‘ll-kii()wn guide So])hia., and tlaw reported nothing unusual 
there. Wednesd.ay was line at liotorua, but showery at Wairoa, 
and the night. Avas fine and calm everywhere. 

At about a.ai. on th<' inth, e;irth<juakes commenced, slight 

at iirst, but. gradually increasing in ijitensity, wIkmi at I.Jo a.tm, 
AValiariga broke out witli a vivid llasli of light followcnl by loud 
explosions ; only a small cloud was s(‘en, which a])])eurs to have 
subsided .and all was again (juiet. At 1 . lo a.m. t.be m.ain eruption 
commenced Avith a roar from KuaA\ahia, and a black column, glowing 
Avith reilections from red-hot rocks below, shot upwards. At 2. It) 
A. At. a violent oartli(]uak(^ oecnnaal, and I’arawera (pro])e.r) ex]>loded 
Avitli .a deafening noise, sending u]) a broad st.eain-eoliimn. At 2.Mt) 
the Avliok* moiiiilain-toj), from Tarawera. t(» \\'ahanga, was .apparently 
on lire, throwing out immense (juantities of red-hot scoria. 
st eam-coluinii, which Avas at first, con tin nous all along tlnuuountain, 
S(‘parate(l into S(*ven or more distinct portions, and the hug(^ black 
cloud sju’ead slowly out from the top in the Avell-known mushroom 
slia])e. T’orked lightning, blood-red in colour, ll.asbtal from the 
column, while the edges of the .spreading cloud glil t ered and sparke d 
Avitli innumei-ablc electrical sciritill.atiori.s, m.aking, together with, 
the rueket-like sliowers of red-hot stonc.s, a scone which is described 
as marAxdlous in the extreme. 

At A..AI. another and quite distinct column of steam, a 

quarter of a mil(‘ in breadth, sprang from th('. ground far to the 
AvestoflVrt. XarawATa. As seen from tin; hill behind Oliinemutu, 
on l,ake Rotorua, tliis column Avent straight n]> to the Avest of the 
hill called Moerangi, and consequently it must haA^o been in the 
dir(‘('tion of Kakaramea. In Wairoa. also it Avas thought that 
Kakaramca had broken out ; but it is now knoAvn that the most 
southern and Avestern crater is t wo miles north of Kakaraimta. This 
column of steam must therefore have come from what are knoAvn as 
the Okaro craters, between Kotomahana and Kakaramea. At M.ljO a 
seiics of violent earthquakes commenced, Avhich lasted till f> a.ai. 
It was then that Kotomahana exploded, throwing out a column of 
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steam which out-topped that from Mt. Tarawera and obscured it. 
No shovveT of red-hot stones accompanied this explosion ; the cloud 
appeared quite black except where relieved by lightning-flashes from 
the column and electrical coruscations round the inargiii. 

The sounds now were frightful ; even at Kotonin, 15 miles distant, 
it was necessary to shout as loud as possible in order to be heard 
two yards off. Mixed wdth the deafening roar of escaping steam 
were loud explosions from underground, and long rolls of thunder 
from above, as wtdl as a Inssing noise; caused by the sedid particles 
in the air rubbing logetljer. So continuous Aven; tlio hjsser noises 
theit, the scenic of (eruption, the louderex]»losi()ns wen; not noticed, 

althougli the; oarth<|uakes catiR(;d hy these ex])losif)ns are said to have 
occurred at Wairoa very rt;gu]ar]y <‘very ten luimiU's. Jbit Avliilo 
the lesscT noises wen; soon dissipat(‘d, the loud explosions travelled 
far, being lioard at Auckland and even at Jflenb(‘iin, lilfn miles away. 
The r(‘d-hoi stones (‘jectod from Mt. Tarawera were distinctly si'cn 
at (Jisborne, 75 miles off, and must therefore have risen more than 
1500 feet above the top (»f the mountain. At Wairoa liot ston(*s 
and scoria began to fall at about a.m. At a.m. icy-eold mud 
earne down, the weight of Avhich caused the roof of Air. Hazard’s 
house to give way at 2,40, and that of AleOae’s Hotel at d.2o. 'J'liis 
mud fell until ]Kist 5 a.ji., and Avas folio Aved by tine, dry, llour-like 
ash, Avhich continued until ft a.m. 

Aleanwliile tlu* Idack cloud sw(;pt awaj^ to llie east and to tho 
north. Hrom 7 to ft a,m, total darkness ]»revaile(l along tlu! east 
coast from Taiirangii to tlie East Cape, Avhile ash continued to fall 
until the afternoon. 

The crisis Avas over at 5.20 a.m., the most. Auokmt ]>eriod lasting 
for thrt;e hours only ; but the rapidity of the diTline ditfincd miuh 
in the craters on the mountain and those on the plain. 

At 10 A. AT. on the l<tth of June, the eruption from the mountain 
wuis confiiu'd to tire south end, or 'J'araAvera ])rop(T, and this con- 
tinued very active until midnight; hut on the morning of the J 1th 
all Avas (piiet, small steam-jets only issuing along the ridge. The 
eruption from the mountain, lluTcfore, lash'd h'ss than 21 liours. 

The cratiTs on tin* ])lain, at llot.omahana and Okaro, continued 
throwhig up imriH'iise Amliimes of steam Avitli snme stones and mud, 
although with gradually diminishing forc(‘. On Sniiday tire J2ih, 
tho column of steam avus calculated hv Air, Humphries, Suiweyor, at 
Ncav riymoufh to reach 22,(Hai feet above tire top of tlie mountain 
and to he l^ or 2 miles broad; but this of course does not accurately 
measure the violence of tho eruiJion. Sufficient energy continued 
in these craters to enable them to eject stones for about ti'u days, 
although most of them AVi're throAA n to small lieights and fell hack 
again into the craters. 8iiice then they have sloAvly decreased, but 
large volumes of steam, are still emitted from Kotomahana and can 
be seen for many miles around. 

No steam was noticed from cither Ruapehu or Tongariro on 
the morning of tho 10th ; but on the 12th and 13th Tongariro was 
steaming as usuaL No change whatever aj>pcars to have occurred 
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at White Island during or after the eruption. The hot springs at 
"Wairakeijiiear Taupo, are described as being in an extraordinary state 
of acti\*ity on the 10th ; while during the eruption many new ones 
broke out at Ohinemutu, and the temperature of most of the old ones 
was raised. Also during the eruption the shore of l^ako llotorua, 
from Ohinemutu to Itotorua, sank several inches, this being probably 
duo to the earthquakes causing a settlement of the land round the 
old springs. 

The earthquakes Avhioh accompanied the eruption, although de- 
scribed tis violent, did very little damagt* ; but they ap])ear to have 
been stronger in a south-west and north-east direction than towards 
the north-west. In Atoainuri on the Waikato, which is 28 miles from 
Tarawora, a t iimhlcr was t hrown from a box, and at Tan])o, *kS miles 
distant, bottles were broken on a slndf. Aothing more violent than 
this seems to have take' ii place at Wairoa, only 5 or (i miles oft*; 
while at llotorua nothing was knocked down, and a brick chimney 
20 fo(‘t high has sustained no damage whatever. Is’o (earthquakes 
were felt, at Lichfit^ld or at Oxford, althougli they were felt acutely 
at Tauranga and JVlaketu on the coast. 


Res}(Us of the Erf(j)tion (sec fig. 2). 

The openings in tlio ground formed during the enqition have, as 
yet, bocu onl)" hastily examined ; and although Mt. '.farawera has 
been ascended and llotomahana has been walked round, no accurate 
survey has lieen m.ade, conse(|uontly our knowledge of what has 
ha])])encd is incomplete and must remain so until the summer. The 
following account is founded on my own ol)s<n’vations round three 
sides of the mountain and on iihotograjilis which have been taken 
from many places, including the suininit of ^It. Taniwera. 

A large o]»en fissure about four inih^s long and 500 fei^t; broad 
runs along tlie to])of the ridge from Wahanga to Ituavvuhia and then 
descends on the western side of Tarawera to the plain. Another fissure 
exists on the eastern side of Taravvt'ra, but it is uuceriaiii whether 
these fissures join. Tliero is also a larg<^ crater on the southern 
end of Tarawera, probably eonnccted witli tin’s 8(‘(jond fissure. A 
comparison of photograplis of the mountain, taken from Wairoa and 
Irom near To Ariki before and after the ei u]>tion, shows that lliero 
is no a])preciahle change in the outliin^ of Wahaiiga ; Tarawera 
Peak looks also miieh as it was hcforcj tlie eni])tion, hut along the 
ridge between Tarawera and lluawahia the accnmulations from the 
fissure have slightly cdninged the outline, although no cone has been 
formed. These accumulations are said bv Air. J*crcy Smith’s party, 
who ascended the mountain on the 28th July, to bo about 100 feet 
in thickness. 

llotomahana is much enlarged and has now precipitous walls 
about 150 feet high, the whole of the sinter terraces having been 
blown away. The bottom is covered with mud, in whi(;h are 
several circular holes either emitting steam or filled with water. 
On the northern part there is a large crater-ring occupying the site 
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of Hotomakiriri and the White Terraces. Between it and Mt. 
Tarawera a new lake has been formed, with precipitous sides, about 
a mile in length and a quarter of a mile broad, but of irregular 
outline ; whether this lake is connected with Itotomaliaiia or not, I 
do not know. Between the northern end of the new lake and the 
southern end of the western fissure on Mt. I’ariiwera is another 
cratoriform hollow, which is not connect-(*d with the lake or with the. 
fissure. South of Kotomahana, in tlio valley of the Haumi, are the 
Okaro crat(Ts. There ap]K‘ar to be six or sevc.mof tlu^ra, situatcnl on 
a line which curves round to the south towards Kakaniinea. These 
are not connected by a fissure, ^fliey are fiat-edged, more or less 
cylindrical hoh's, in wlri(!li Ihe surface rocks can often be seen, and 
none of tln.nu has thrown np a (‘one Tuor(‘ than a few feet high. 
The first, or southern crater, is two miles from Ixakaramca and 
has been e.stiiuat.cd by Mr. Percy Smith at 2r>() yards long l>y 
100 wide and 120 deep; tbo sides, however, are falling in, and it 
will soon becomes conical. The tliird crater, called the Black 
Crater, is divid(*d into two by a narrow ridge of old rock which lias 
be(‘n l(‘ft ; it is sit-uated at the foot of a low bill, and wdicn seen 
from a distuuee, in certain direeiions, Ibis bill looks like a. scoria 
cone. Prom this deceiitivc? apjiearanco it lias been called ^It. 
Ilavsard; but the liill is part of the old surface, although of course 
covered, like the rest of the neighbourhood, by several feet of ash 
and Btoiies. 

Protlnctit of the Eruption, 

The materials ejected are of two kinds, nugiie-aTidesito and 
rhyolite, and each is in botli the comjiact and the v(‘si<*ular state. 

The when conqiuct, is gn‘yish black, vi^sicular in 

placets, and with ojiaiiue, white, angular fragments of deconqiosed 
rhyolite or felsite. it is an andesite lava that has overilowed 
and included rhyolite; S. (l.=2-G7. Tlie ground-mass is a brown 
glass with magnetite glolndites, and it contains nninerous felsjiar 
which show no lluxion-structure, exia'jit that tlicy are arranged 
round tlie wliite rhyolitic fragments ]>arallel to tlieir sides. One 
slide showed a (puirtz crystal broken aeross and faulted. In the 
vesieiilar slate it is black scoria, very opatiiu' ; but in thin edges 
near the vesicles it is seen to he a yellowish- white glass full of glass- 
inclusions, glohulites, and (fiber impuritiiss. In eontains fragments 
of quartz as well as of rhyolite. 1 saw one broken crystal with 
aggregate ])olarizatioii, jirohahly jiartially d(‘Com])osed hornblende. 

^I’he JUnfolitt' is of two kinds. The first is a. pale-grey, stony rock 
■with abundance of (jnartz grains, fragments of a white mineral like 
kaolinized felspar, and some jiyrites. The ground-mass is o]>aque, 
but 'wbeii very thin is seen to bo eryj)to-crystalline, probably a 
devitrifitul glass. It contains uhunchmeo of quartz and fragments 
of decomposing sanidine with aggregate polarization in which 
occasional traces of Carlsbad twinning are recognizable. There is 
also a green mineral with aggregate pedarization, juobably horn- 
blende, and magnetite or ilmenite. With rellected light the base is 
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white streaked with green. This decomposed rhyolite is a very 
comuioii surface-rock in the district. The second kind is a soft, 
dead-white, fine-grained, compact rock, with minute black s]>eeks of 
hornblende or black mica, and crystals (»f pyrite, as well as occasional 
small grains of (juart/. The gronnd-mass is a white glass, with 
iimumiu'able simill glass-in elusions, which are i)ale ]>inkisli violet by 
transmitted light. It contains (piartz, ])yriles, and, rarely, sanidine 
not twinn('d. 'the vesicular state of these rocks is white glassy 
pumice with quartz grains more or less abundantly dcwcloped. 

From the mountain came, cliietly, vesicular fragimuits of pumice 
and scoria, the latter in much larger ipianlitics than the former, 
Many of the fragments, (‘veii those of small si/e, an* coin])<»sed partly 
of pumice and ])[irt,ly of scoria with well-dt‘lined junctions. The 
ash that accompanied these* fragments is pah* broAX nish grey, and 
contains much white and ])rown glass as well as (piartz, sanidine, 
])]agiochiso, angilo, and what a])]»earsto be a weakly ph‘ochr<)ic- brown 
iKumblendc. 

From the craters on tin* ])lains {!ame angular fragments of 
c*ompa(*t ro(.‘ks and lapilli, cliiclly rhyolite, witiiout any ])umic(* or 
scoria. The ash iluit .acvompani(*d them is [uilo Ihcncli-gn‘y, and 
contains much devitritied glass and almndanco nf (piartz Avith 
occasionally sanidine, })lagi<.)clase, and green augiti*. 

The ditrerent' ej(‘ctamenta arc, of course, mixed l()g(‘lhi‘r: hut. still 
a diilen'nce in distriliution can b(^ made*, out.. 'Pliiit Iroin the 
mountain spread to the south-AV<‘si only as far as Kakaramca, but 
along tin* coast it (ixtends from Kalikati on the nortli, to I'nlago Hay 
on llio (‘asf. [t is tolerably evenly spread, tin* lu^aviiM* scoria at tlu^ 
hot join and the lighter ash at the lop, and thins out Vitv gradually. 
On the Kaingaroa plains, about ten mih‘s soutb-<‘ast oI'Mt. 'J'araAViTa, 
the thickness of thc^ deposit is five or six hidn's ; while at the 
Soiithern Cross IMroleum Co.'s Avoiks, near tin* Waiapu Hiver, 
betAveen Sp and HO miles distant, it is one inch tliick, Imt, of 
course, much tbier. d'his ash tell dry, and it Avas Avarm h^r a 
distance of eighteen miles from the mountain, l lu' (‘.tinqiaci rocks 
from th(* craters on the jdains wore not throAvn mori* than two or 
three miles, and llic ash is much inon? limited in its dislrihuiion 
than that. Irom tlic iiKuintnin. On the south-west it. Avaait to the 
base of Kakaraiuea : to tin* AV(‘st it folloAA’s nearly the same liiuj as 
that from TaraAvera, wliile its easterly limit lies tlirongli the east 
end of Kotoiti to ^laketn, Imt it gradually jKissiis into the deposit 
from the mountain. ]t(mnd tlie craters it h^ll hot and dry, hut 
further olf as intensify cold mud, almost, freezing ; and lurtlier off, 
again, it fell as dry dust. Th(? rnud s(‘em.s to liavc^ falh'ii in jicllets 
more or h‘ss rounded. I collected some of tliese out of the trees at 
Pakaraka, near liotokakalii ; they Avero of all sizes up to an inch in 
diariH^ter, and some had a small piece of scoria in the (font re. They 
must hav(^ formed in the air like rain-drops. One of them liad a 
leaf halfway through it, which it had kuo(;ked off in its fall, 
proving that it Avas not frozen hard. On tlio morning Avlicn thci 
mud fell there was a severe frost, and it fell so hard that it was 
Q. J. G. S. 3Sfo. 170. o 
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easy, even for horses, to walk over it ; but it soon got soft, owing 
probably to thawing. This mud deposit thins out very rapidly, the 
thick <‘st portion forming an oval, from Lake Okaro to beyond 
Waitaiigi, ten or twelve miles long and five or six broad (see fig. 2). 
lieyoTid this to the norlk it thins out gradually, and it did not fall 
as mud much beyond Taheke. The following table shows this : — 

Dififnnoo froin Thukness of 


Papawera Plateau 

Pot.oTrjfihana. 

milos. 

Pi'posit . 
iiK'hes. 

30 

Wairoa 

f) 

30 

Tahck(^ 

IK 

n 

Tauranga 

4:1 

1 

Mayor Island 

g:i 

i 

Alderman Islands 

90 

.1, 


These difrcronces la^tween th(^ two doi)osits fire due to the 
difference in the ainonritof watew-vapour aecoinpanying ibo different 
eruptions. The slenni from the o])enings on 1h(^ mountain Avas com- 
paratively small ill (juantity and did not fall as rainjuing dissipated 
in thc! atraosph(‘re ; the ash Avas thus wididy and evenly S]>read by 
the Avind. dlie ('normous A’olum(‘s of steam Avbieb esea]>ed from the 
craters on the jdains condensed in the higher regions of the 
atTnos])hero into rain-drops, Avhich, in th('ir fall, brought down large 
quantities of ash that otherAvise would ha\a^ heem earric'd furth(T. 

Hound the craters the dt^posit varies from 1<> to r)0 fc'ot, hut 
appears to he very irri^gular ; for Ih'of. Thomas informs me that east 
of the noAV lake, at the foot of TaroAvera, the ‘Mannka (Lrpfo- 
spcvuttfin) is not covered, and the thickiH'ss is not much more than 
six inches. 

At W'airoa tluTc nre^ two layers of scoria sojiai’ati'd by several 
inches of mud, the loAver of tln^ layers r<*sting on the ground, and 
the Avhoh; covered by about two feet, of mud. Tlies(^ two scoria- 
layers no doubt mark tAvo outbreaks from the mountain, ])rohnhly 
when the tAvo fissures AA ere formed. The ht^t outbreak must IniA'c 
taken idaec iK'tAveen and 3.1^0 a.ai., or just h<dore the ox]»losion of 
llotouiahana : it seems therefon' likcdy that the AA'estern hssure, 
which runstoAvards Kotomahana, Avas fontu'd at that time, or about 
an hour and a quarter after the eastern fissure. 

The asli began to fall at tlie Southern Cross Petroleum Co.'s 
"Works near Waiapu, at 4.20 a.ai., and at the East Capo at T) a.m., 
at Hotoina and Uotoiti at 4 a.m., while it aa^is not noticed at Tauranga 
until A.M. : so that if passed mueli more rapidly to the east 
than to the north. It censed at Potoiti at 10 a.m., and at Waiapu 
hetAA'oen 10 and 11 a.m. ; hut aloiur the coast of the Pay of Plenty 
it coutinuod to fall until the afternoon. The correct time is, 
howev('r. uncertain ; for, being dry, the Avind hlcAv it U]) in clouds. 
The night Avas generally calm, hut at Waiaini a strong X.W. Avind 
Avas hloAving. At Pa.m. at Wairoa a 8.W, gale commenced, which, 
hetAveon 4 and G A..M,, extended aU over the eastern part of the 
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North Island as a southerly or south-westerly gale. The spread of 
the deposit seems therefore to be dtie to the ash from Mt. Tarawera 
having been thrown into an upper stratum of air where the wind 
was ^vesterly, and this wind changed afterwards to the south. The 
eruption from the plains did not begin until later, and it was spread 
by the southerly wind only. 


Cause of ihe Eruption, 

The immediate cause of the eruption of Tarawera was, no doubt, 
the reheating of the old lava-streams of tlu' mountain ^vhich wore 
previously saturated with water. The jinads of tliis are : — 

(1) A comjdetc* scries can be made from compact andesite, with 
fragments of decom]K)sed rhyolite, to the same rock highly vesicular 
but still showing fragments of the ejuartz of the rhyolite. 

(2) A similar series can be made from docromposed rhyolite to 
quartzose pumice. 

(3) The Black Crater threw out blocks of eom])act andosite-lava 
which had ov(‘rfiowed rhyolite, the two lading intimatcl} connected 
at the liiH' of junction, hut not ])assing one into the other. A 
similar intimate connexion of scoria and pumice is seen in fragments 
eject o<l from Mt. T{iraw(‘ra : and it is hardly ]>oBsil)lo tliat the same 
intimate* eonin^xion between two similar rocks could luiv(^ been 
brought about in tAvo different ways. 

(4) It follows, therefore, that the scoria and pumic,e are remelted 
andesite and rhyolite lava-streams. Iiow(‘V(‘r, some of the scjoria 
may have liad a deejnseated origin, as it does not always contain 
pumice. 

This reh(‘ating must have taken place locally in the mountain and 
not very far from the surface, as tin; ndieatcd rucks liave undergone 
atmospheric docom])osition. It could not, I think, liave b(5eii dm; to 
cnisliing, liceause (1) the cartlnjuakes preceding the eruption were 
not violent, many people both at \Vairoa ami Kotoma not being 
awakened until after the eruption had C()mim!n(;(;d. And (2) as 
sevtTal millions of tons of rock have been fused and (vjected, it 
follows, according to the Rev. O. .Fislier that H(;veral tons of 
millions of tons must have beim cimslied and not fused. This 
unfused rock was cerbiinly not eject.e<l witli the fused, and the open 
fissure on the top of the mountain sliows solid jock on (ifich side. 
There is therefore no evidence of this enormous (juantity of crushed 
blit unfused rock, and for other well-known reasons its existence is 
highly inqiroliablo. 

The* only ])ossilde hypothesis seems to be that molten rock came 
n]> from below into the mountain and hen tod the surface-rocks ; 
and this is rendered more jirobable by the fact- that Ruapehu has 
also liecn lately heated up without any earthqualvcs having been 
felt. The canse of the ascent of the molten rock, whether by 
occluded vapour or by pressure caused by movement, of the earth s 

* ‘ Physics of the Earth’s Crust,’ p. 230. 

o 2 
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crust, need not be here considered ; for I do not see that the present 
eruption throws any new light on the question. 

The eruptions that took place on the plains were only hydro- 
thermal in character, no groat heat being developed. They followed 
the eruption of the mountain and wore, no doubt, caused by tlio 
earthquakes. Th(dr position shows that tliey are in some way 
connected with the fissure on the mountain, but they cannot- bo 
directly connected with it; for, if that had been the ease, they 
would have ejected scoria like the mountain, and tin; exjjlosioii of 
Kotomahana would ])robahly have preceded that of the Okaio 
craters, i/rohabl}' molten rock was injected, Jis a dyke, into the 
fissure below the surface, and the earthqualces caused the surface- 
water to apj>roa(*.li, this dyke sufficiently close to bo heated and 
flashed into steam. ^rhcs(; explosions, therefore, furnish cvidtaice 
that water cannot find its way to molten rock by means of open 
fissures. 


DisenssToN. 

The rnEsinicNT spoke of fhe value of tlie dcscriptivi^ ])ortions of 
Mr. .MarliTi’’H ])aper. H(‘ liad enjoyed great o])porf unities of ()))serva- 
tion, and the serii's of ]>]iotogra]>hs sent over by him was of extnunc 
interost. As regards the thGor<fti<*al portion of fhe ])aper, flicre 
was room for some dilfenmce of opinion. [Mr. ^Martin had, liow- 
over, based bis theory on fJio study of similar siruetures in diffcrt iif 
stagers of growth. 

llefirring to Capt. Hutton s pa]u‘r, he said that the Jsew-Zoalnnd 
geologists had sliown great. eiuTgv in studying the erii])tit)n. 
i)r. 11 ector started at once; some of his photograplis, taken at an 
early stage of tlie (Tn]>tion, along with maps and s])ecimens, were on 
the iahlo. Captain Huiton came som(^wh at later, and among Ids 
discoverit^s were the augit.e-amh‘,sit es which were found associated 
with the prevailing ihyolites. Ho was ratlu'r disposed to regiird 
the latter as (puirtz-dacites. He referred to the difleronces of 
opinion us to the origin of tlie eruption. 

Prof. Smklky regretted that Air. J^ilim^r, wdn. was on the spot at the 
time of the eruption, and whoso travelling comjianion was killed 
under a crushed roof, could not he jneseiit. His views were slight ]\ 
ditferont from those of Ca])t. llutlou ; there 'was no eruption seen o\'. 
scorim and stones, nothing but grey volcanic ash and fine mud covcahiix 
the country. At the earliest moment possible after the erujition 
Mr. Palmer reached Potomahaiia, wliieh was empty, hut boiling 
and spouting at the bottom. Hi* considered that the Terraces liad 
probably been blown away, but that their sites were covered up by nind 
and hidden by steam. The water of the lake had gone to furiiisli 
some of the steam which had issued from Tarawera. There wa^ no 
evidence of the outburst being a true volcanic eruption. 

The Pkesident considered that Mr. Palmer might not have been 
in the host possible position for ascertaining the effect of the eru])- 
tiott In fact there were two eruptions ; of the one from the moun- 
tain the scoria? are sent by Capt. Hutton. Those first on the spot 
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would see nothing of these, as they were covered up hy the finer 
ejection. Dr. Hector considered that the stones thrown out wore 
hot but not molten. There can be no doubt that the sites of tho 
Terraces are gone, for Dr. Hector says that fragments of sinter are 
abundant in the materials ejected from liotomabana, and this is 
confirmed by tho microscope. Ca])t. Hutton contested the purely 
hydrothermal nature of the eruptions from the mountains. 
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15. Evidence of Glacial Action in the CAiiBONii’EKOUS anvd 
Hawkesbijry Heuuos, Khw Houth A\'al£s. ]>y T. W. Edg- 
woRTH David, Esq., E.G.8. (Kead Eebruary *J, 1887.) 

Intiiodtjctoby. 

The series of rocks in New Sonih Wales which are coal-hearing, 
or intimately connected with the coal-bearing division, and are 
referable to the ^Mesozoic and Pahcozoic eras, have been classed pro- 
visionally ])y the Government Geologist, Mr. C. 8. Wilkinson, E.G.8., 
r.L.8., &c., as follows : — 

I Triussic. 

Mesozoic. 

PaH.sngo beds. 


f Pormian. 


Palaeozoic. -{ 

Oarboiu'ferous. -{ 

' I Lower ]\larin<‘ series. 

^1. Xry?/VW<7/c/m/-scries — Freshwater. 

Evidence of ice* action lias been observed in the Carboniferous 
Marine series (No. d ), and ]>henomena which apjiear to be referable 
to a similar agency in the ilawkesbury series (No. 8). 

1. (bvKnoNiFKKors Glacial Leds. 

Riferences hy previons observers to (Jlacial Beds of Carboniferous 
aye in Australia. 

The first description of boiildei-beds in New South Wales, so far 
as I am aware, is that given by the late Dr. T. Gldham*, quoted by 
K. D. Oldham in the ‘ llecords of the Geological Survey of India,' vol. 
xix. part i. 1880, p. *18. With reference to the Carboniferous 
marine beds at Wollongong, T)r. GldUum says : — And still further, 
many of the lower beds ol’ the Australian group, there so abundantly 
rich in marine fossils, are very similar to many of the beds in the 
Indian Talchir series. There is the same mixture of i^ebbles and 
Mem. Geol. Surv. India, vol. iii. p. 209. 


0. Wianamatta series. 

8. Ilawkesbury serice. 

7. tlareiUHi scries, includ- 
ing lh(» Narrabeen 
merit's. 


J r resh water. 

*1 700 feet thick. 

( Fresh water. 


► Fn^sib water. 


(,i 

I-. 

8 . 


-{ 


Ncm custli^ series 

East Maitland Bories- 

Upper Marino series = 
Greta serio.s = 


U])](cr coal-inejisures. 
Frcsl) water. 

J Middle coal-measures. 
( Fresli water. 

Branxton series. 

I Low(‘r CJoal-measures. 

I WiOext. 
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large rolled masses in a matrix of fine silt ; and much of this silt is 
of exactly the same peculiar bluish-green tint so characteristic of 
these beds in this country, and Avhich when once seen can nevor be 
mistaken/* &c. 

Dr. Oldham, however, does not suggest a glacial origin for this 
formation. The next account of Carboniferous (?) Bouldor-bods is 
that given by the late Sir II. Daiutree in his ‘ lieport on the 0 oology 
of the District of Dalian,’ Melbourne, ISfUi, page 10, where ho 
describes part of the Daccluis-M arsh beds in Victoria as: — Strata 
mainly eomposi.'d of line mud, dotted throughout with various-sizt'd, 
generally rounded, ])el)hles, and those i)el)bles mostly unknown in 
the vicinity, and some not yet seen in place as far as the (biological 
Survey has extended a minulo examination.” Some of the granite 
boulders are staled to be over a ton in weight, and to be imbiidded 
in soft mud. 

The first suggestion of the possibilily of ice having played some 
part iu the formation of these rocks was made in the sanui itei>ort by 
Sir II. Daintree ; and liis views therein exjiressed are iiplield by Dr, 
A. II. C. Selwyn, F.ll.S. &c., then Director of the Ceologicfil Survey 
in Victoria, in ‘‘Notes on the rh 3 'sicul (loography, (Icology, and 
Mineralogy of N'ictoria,” published at Melbourne in tlu* nlficial 
Catalogue of the Intercolonial Exhibition, ISlWl lSdT, page IG, 
The ]Kissage reads as follows: — “The character of the conglomerate 
beds hefojxi mentioned near Darley and on the Wild Duck Creek 
is such as almost to preclude the 8up])osition of tludr being due to 
purely a(iueouH transport and deposition. it is, however, very 
suggestive of the results likel}^ to he j)7'oduc(‘d by marine glacial 
transport ; and the mixture of coarse and tine, angulai* and water- 
worn, material, much of which has clearly been derived fi'om distant 
sources, would also favour this supj)ositiou. (xroovi'd or i(5e-scrat,clied 
pebbles or rock fragments have, howc.voi*, not yvi 1x^311 obsor\’’ed.” 

The next mention of ice-action in Carboniferous rocks in Aus- 
tralia is made by Mr. II. L. Jack, E.C.S., (ioveriimi3iit (;ieologist 
of (iuecTisland, in his Ileport on the Doweu-river Coalfield, dated 
November 2,^, 1S78 (printed in Brisbane, 1S79), page 7. In the 
middle (marine) series lie describes conglomerate beds, chiefly 
occurring in the lower ])art of the series, as follows : — “ The iric-ludod 
pebbles ar<i geiieralh' of granite, slate, schist, quartzite, and other 
met am orpine rocks, with a few of ])or]>h 3 'rite. The ])cl>]des, which 
arc* not always well roimdt3d, have a remarkable tendency to arrange 
themselves iu grou])s in some of the conglomeratic sandstone beds — 
a disposition which may possiblj' be owing to their liaving been 
droj)pcd in heaj>s from the floating roots of trees, but much more 
likely from tloating ground-ice. Large isolated boulders of granite 
&c. occur liere and thei-c in the midst of strata of fine saruty or 
muddy material. These could hardly have been lirought to their 
present ]H)sitions excoi)t by glacial action.’^ 

The marine fossils associated with these beds prove them to be 
homotaxial with the Wollongong beds described by Dr. Oldham, 
and of true Carboniferous age. But it is doubtful whether they can 
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be correlated with the Ilacchus-Marsh glacial beds, the ooly fossil 
found in the latter being GanfjamojjUris^ a plant of doubtful geolo- 
gical homon. 

In 1884 Mr. (J. 8. Wilkinson examined the Upper ^lariiio Coal- 
measures (No. d in tliti tabl(‘) in the neighbonrliocid of llranxton, 
near Mailhind, and observeai in the road-eutting 'west of the railway 
station a very coars<‘ (tongloinerate containing large subangular 
boulders of clay-slate and other rocks foreign to the disirici, which 
he consider('d lo 1)(^ erratics ; no ice-scratches, how(*ver, were at that 
tiin<; noticed. 

It was reserved for Mr. K. D. Oldham, Dojuity 

8uperini(.‘nd(!nt of th(i (Geological Survey of India, on a visit to the 
Colony in to make the iin])ortant disc'overy of tlic^ prc'seiiee of 

boulders and ])el)lj]es, unniistakahly striated and polished hy ic-e, in 
a railway-cutting at llranxton, close to thc^ spot ^^llere tln^ erratics 
wore first found hy M r. Wilkinson. IM r. ( )ldham has d(^seribed these 
hods in the ‘ .lte(;ords of the Ceologii'al Survey of India,' ^o]. xix, 
part i. lvS8(), i>age 4-1. Idio marine fauna assoeifited with this 
formation shows it to he homotaxial with the llowen- river and 
Wollongong bods. 

Garhonlferous Glacial at Grass-tnu. 

Siiieo this discoA^erv by Mr. Oldham, the antlior, wheni commen- 
cing a survey of the Northern Coal-lit‘ld of Nenv South Wales in 
188(), found another exteniHivc glacial de]>osii, ])robably ol’ the same 
age, at (i!rass-lr(‘o, ne'ur M nselebrook, 2S miles norlh-westeoly from 
Branxton. A fine' se‘<.*tion of the {^arhoiiiferous glacial he*(l.s is ex])osed 
here in the' railway-cutting, showing them to extend for at le'ast a 
mile horizontally, and to have a thickness of not- less than 30 fe'ct. 

The d('j>osit here', consists of reddish-hruwn to gre'cnish-brown 
shales, and is erowdeal with round and snbangnlar fragme'uts e>f rock, 
from ])ehble's ne' large-r than marbles up to ]>locks .J ton in weight. 

The matrix in whieli the boulders are imbe'dded is a tine caleareems 
sandy shale, reddish to rusty brown near the' surface, and passing at 
a depth e>f 15 fe-et first into a ])ale greemish brow n, then into a 
leaden grey. At intiTvals of from 3 te) 20 } ards s])luTical concre- 
tions from 1 to 2 feet in diameter, as round as caiinem-balls, occur 
in the shale. When bre>ken open these are' found to bo composed 
of a iniclous of carbonate' e>f lime surrounded by a shell of shale 
partly cemented by caleareems matter. 

From the surface? downwards, for about 15 feet, there is an ^ 
appearance in the shale suggestive of ht'dding, but due jirobably to 
the formation of ferruginous bands in tlie shale? through the perco- 
lation of surface-water carrying iron in solution. Lenticular patches 
of gravel may be observed in places tilling contemporaneously eroded 
hollow^s : but stratification, if it exists, is not strongly marked. 

Most of the boulders in the beds are more or less roiindedy 
angular fragments being rare. Their shape is very irregular, but 
generally one end is more pointed than the other, and as a rule 
their outlines are less convex than those of water-worn pebbles. 
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Most of ilie stones presented the appearfince of having; been ground, 
and sliowe'd a dull polish, and nuinj’ exliibit well-marked stria'. 
The pro])nrtion of the boulders ])oss(;ssing the rocpiisito grain, 
har^lnl^ss, and durability to reeeive and preserve dthoate ice- 
scratches was small as eoiniiared Avilh the number untitted for such 
purpose. Those which are most, decidedly striated are dark clay- 
stones, fnic-grained quartzites, and slates. These are scratched ou 
the to]j, bottom, and sides. Tlie striay although plainly visible, 
are not de(q)ly cut, and no groo\ es were* observed. IVIost of tho 
boulders are ])artially coA’orod Avith a thin crust of carbonate of lime, 
the derivation of Avbicli is obvious from the caleai'eous nature of tho 
shales. Tlu' hugest sjjecimeii of llu‘ glaciated blocks exln])ited A\^as 
found l>y the author lirmly beddeal in sliale at a depth of 15 feet 
from tb(‘ snrlac('. Tlie otlu'r spt'cimens Avort' niso obtaim'd in position. 
The largest ]»ou]dei’s are iliost^ of clay-slate, granite, and aplite. 

The following is a list of the dillcrent varieties of rocks observ(‘d to 
occur as bouhlcis in the shale:- quartz and lelsj)ar-]>orj)hyr 3 ' ; claj'- 
slate ; dark fels])ar-]K)r])li 3 ry or ])orphyritc ; ipiartz-ltdsile, frequently 
shoAving jlu.viun-structiire : quartzite, rcaldish hroAvn, gremiish 
brown, aiul dark Idiu* witli iron ])vrit<‘s ; (piartz; black (]uartz (?); 
coars<‘ly crystalline (piartz andfelspar-])or])byry ; fclsiU^ ; di()iite(?); 
claystone : shah'; i‘els])athic quartzite; granite; ajdite : gneissic 
granite: chloritic (piartz-porpliyry ; decomposc'd ATsiculur tra]> and 
horiildendc'-schist. 

The iK'aiA'st js'UA'nt rock IVom which sonic of the boulders could 
have bec'ii derived is aliout 30 mih's distant. 

Tlu^ largest boulder nnaisures 3 tVet X 1 foot 4 indies x7 inches. 
The beds have sndi a Iresli a])pearauee that when vioAV<jd from a 
short distaiH'C they miglit easily lio mistaken for Pleistocc^no 
moraines. No evidence as to tlicir total diqdh could bo obtained 
at drass-trec'. At Jlranxton, boAvever, Mr. AVilkinson roiiglily 
estimates tlieir thickness at not less than 1000 fei^t. 

Fossils were not found hy the author in the Grass- tree beds, but 
there is strut igrapbical evidence for correlating them, provisionally, 
with those at Jiranxton. 

At i)rcsent, all that can be truly stated is that, at Jlranxton, 
glacial beds exist of undoubted Carboniferous age, and similar bods, 
presumably of the same age. at Grass-tree. Tlu^ (ioarso marine con- 
glomerates of the lower Coal-measures, near Wallerawang in tho 
western coal-fi(4d, containing large smooth Idocks of Devonian 
quartzite, arc believed by Mr. Wilkinson to be also i>artly of glacial 
origin. 

II. Prouaijle Ice-action in the Triassic Hawkesburt Series. 

Two pbenom(‘na observed in the rocks of the JTawkeslmr}^ scries 
appear to indicate that ice was present, to a certain extent, during 
their deposition. 

These are ; — 

f 1. Disrupted angular fragments of shale. 

[ 2. Contemporaneously contorted current-bedding. 



Section of Contorted Strata overlain by Cumnirhedded Deposits^ at Cooyee Bay, near Sydney, N.S»W. 
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1. I)isrn 2 *ted Ampilar Frayments 
of Shale, 

The first mention of evidence 
of ice-action in New South Wales 
was made by Mr. Wilkinson, in 
connexion with certain appear- 
ances in the shale beds interstra- 
tified witli tin; sandstones of the 
31awkes])ury series, in a ])apor 
read b<dbrc the Koyal Society of 
New South Wales, llecember 4, 
JS7b (see Transactions of the 
Koyal Society of New Soutli Wales, 
vol. xiii. p. io(>, 18S0.) 

He makes the following; state- 
ment : — 111 the s(‘etions exi)osed 
in the qnarric^s at Tort Mactjuarie, 
AVoolloomooloOjTlagstaff Hill, and 
other places, may ho seen angular 
boulders of the shale of all sizes 
up to 20 feet in diameter, em- 
bedded in the sandstone in a most 
confused manner, some of them 
standing on end as r<>gards their 
stratification, and otln'rs inclined 
at all angles. They contain the 
same fossil ]>lants tliat are, found 
in the beds of shale from wdiich 
they liave evidently bt'eii derived. 
These angular bt)ulders occur 
i!(‘arly always iininediately above 
the slialc beds, and an^ mixed with 
very rounded pebbh‘s of (piartz; 
they are sometimt'S slightly cuiwed 
as though tliey had ])e(‘n bont 
whilst in a sonii-plaslic condition, 
and the shale beds occasionally 
ttu’ininate abriiplly. as though, 
broken oil'. Had the boulders of 
soft sliale been deposited in their 
present ]»osition by rimniiig water 
alone, their form M’oiild have been 
rounded instead of angular. It 
would ap])ear that the shale beds 
must have been partly disturbed 
by some such agency as that of 
moving ice, the displaced frag- 
ments of shale becoming com- 
mingled with the sand and rolled 
pebbles carried along by the cur- 
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rents. . . . These boulder accumulations occur in irregular patches 
apparently throughout the Hawkesbury series.*^ 

This series is fresh water or estuarine, classed on stratigrsphical 
and palaeophytological groiirids as Triaseic, and cannot therefore bo 
correlated with the Wollongong or Jlowcn-rivor series. 

2. CoiiUmjiomncoasly contorUd Current-heddhuf, 

The author is not aware that any dostTii)tion has yet been pub- 
lished of this remarkable structure, so frequentJy seen in the current- 
bedded sandstones of this series. The nature of this structure is 
shown on the accompanying figure (p. 194). That- the crumpling of 
the beds was contemi)oianetms is evident from tlic undisturbed 
character of the overlying current- bedded sandstones. 

The contortions have evidently been caused by some extensive 
lateral thrust, such as would bo produced by the grounding of 
floating ice ; but more extended observ’ation will be necessary ere 
this can bo demonstrated. 


Note. 

Ice-uciion m ^Siluro-Devonian beda in New JSouth I Valc/i. 

Two miles north of the town of Temora, !Mr. Wilkinson rc^ports 
the occurrence of gold-bearing conglomerates, which lie ]>elievcs are 
of ISiluro-Devoniaii ago. The boulders are much rounded, i>olislied, 
and in some cases striated. The blocks consist chiefly of (juartz 
imbedded in a clayey base ; the largest have a diameter ol’ 4 foot. 

Discussion. 

Mr. OucTXWKLL dissented from Mr. David s classiticalion of the 
Australian Coal-beds, lie thought the Wiauamatla a.iid Jlawkes- 
bury beds e<jual the MyinyddysJwyn and Pennant beds (lJ])por 
Carboniferous) of JSouth Wales. Ho ouiisidcred the appearance of 
glacial action due to agencies still prevalent in Australia, such as 
the efi'oet of melting snow and Hoods in the higher Ck)rdillera. 

Prof. Dori) Dawkins considered the evidence r(!(iuired further 
inquiry. Striated pchbles were not alone suflicient evidence of 
glacial action, they might be produced by earth-inovcments after the 
consolidation of rocks. The speaker could see nothing distinctly 
glacial in the specimens exhibited. 

He also sympathized with the doubts expressed by the last 
speaker as to the classification of the rocks adopted by Air. David. 
He could detect no break in the sequence, and lie had found Glos^ 
softer is to the west along with Lepidoden droid of Mount 

"Victoria. 

One of the specimens on the table was from Old Kcd Conglo- 
merate, striated by earth-movements. He asked for information 
about the Punjab specimens exhibited. They had a singularly 
artificial appearance, 

Mr. Goodchild said the stone from the Upper Old lied was from 
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Cumberland, and was an example of striation produced after the 
rock had been consolidated. 

I)r. JiLANFORi) gave an account of the boulder from the Punjab 
Olive Ped on the table, and pointed out that the occurrence of largo 
blocks in fine shales had been first noticed, and this observation had, 
in. both India and Australia, been fbllow<;d by the discovery of stri- 
ated surfaces. 

The marine beds described by Mr. 'll. Oldham could not have 
been formed hy floods or violent watei-action, for the shales con- 
taining the houldors held imbedded delicate bivalves, with both 
valves united, and fine I'lnestelfcn \ the houlders must have been 
transported by u different agency from the fine Sf'diment. 

Prof. Skei.kv admitted the difficulty of judging the fragments ex- 
hibited wilhout s(?eing the sections. could see no evidence of 
glacial action in tlio specimens exhibihd, and thought that similar 
partly angular blocks might 1)C gathered on any coast where the 
cliffs wer(i formed of rocks of like; charact er. Ho had never seen a 
glaciated fragment similar to that t'xhihiied from the Punjab. The 
unworn edges of the facets could scarcely have; re-maiiied uiK'rodod 
if produced by glacial action. They had no resemblance to wind- 
worn faces. 

Itev. E. JItll said the Piinjah boulder might liave shifted its 
positiofi in the boKom of a glacier. However, ice duos not neces- 
sarily iraj)ly a glacial age. 

^Ir. PiTTLKY agreed with the lasf speakt^r that the si.one in <|ues- 
tion might have j)een faeded and scor<*d by tlu' action of ice. 

Tlie Pnnsim-NT regntted the absence of Mr. David, but called 
attention to the i)botogra]»lis sent hy him as illustrating the nature 
of the beds in which the hhK;ks occur. 
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]6. Further Notes on the Results of some Deep Borinos in Kent, 
By WiLiJAM Whitaker, B.A., F.G.S., Assoc. Inst. C.E. (Head 
January 12, 1887.) 

[The fresh information given in this paper is eomniunieated by permission of 
the Director Oeneral of the Oeologioal Survey.] 


OoNTKN'TS. 

Int rodueti >r> K-tunarks. 

Tin* ** tniaifi'inlen lk>ring. 

The Dover Convict-Prison Boring. 

New Poring at Strood. 

Poring at. Lydd. 

Introductory Remarks. 

The priTuary ohjoct of my pajjcr read to the Socidy in I SSti*- was 
to dcscri])e the boring at Chatham, wliich had readied Oxford (/lay; 
hut the paper was extended, to include other borings in Kent wliioh 
had ])aHsed through tin? (lhalk, and had not been bronglit, to tho 
notic(‘, of geologists. 

Since' then furtlier and fuller information has come to hand with 
regard to two of these borings, and aiiotlier dee]> work lias boon 
carried through tlie (.!halk and the Cault into tho Lowi'r Creensancl. 

I hiive thought it w(dl therefore to send this su])])l(Mnent!iry ])!i])er 
to the Society, esjieciaily as one of Uk^ borings, at D(>vcr, has now 
thrown fresh light on that important and interesting subject, the 
imderground gc^ology of the London Jhisin. It was originally meant 
to incorporate these notes with others descrijitivc of (h-eji borings in 
Sumy ; hut as those borings art^ not yet finished, and as there is a 
special interest in tln^ Dover lioring, it seems hotter to Jet tho Surrey 
borings stand ovc'r, and to pLico the new Kentish information in tho 
hands of the Society at once. 

With regard to the doubt as to the depth of the second (fiiatham 
holing, expressed on p. P>0, it should bo noted that whilst tliis do])th 
is rightly made iPJo feet from the surface^ yet it is only IMJP.l from 
the point from whicli the measurements Avero made, the coping- 
level being 18 inches below the surface. 20| feet iliererorc would 
seem to be the right thickness of Oxford Clay pierced. 

* Quart. Jouni. (h/oi. Sou. vol. xlii. pp. 20-48, pi. iii. f\)ur errors in tiiis 
paper have l>een n<.»ticed on tins wraj)per of the May No. of tljo Soeiety’s 
Journal (188(») ; hut lliey may be repeated here with three ot hers ; — 

P. 2h, line 8 from foot , ./hr read. 4.o. 

P. JiP, linos h, m from foot, /or below the 450 feet that was dug,” read 

** below 450 feet.” 

P. 35, line 5 from foot, /or “180” read “ 280.” 

P. 47, line 15, for “ third ” read “ half.” 

P. 47, line if}, 'for “ 2040 ” read « 1700 ; and for ‘ ‘ double ” read “ treble.” 

PI. iii. heading, /hr “ S.S.E.” read “ S.S.W.” 
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The Chattenbbk Bobiko. 

Since the publication of my paper the boring at the Chattenden 
Barracks, northward of Chatham, has been successfully finished. 
I ventured to say that some 60 feet more (than the 1103 already 
sunk through) should reach the bottom of the Gault, but that de- 
sirable result happened in only 59 feet. I did not, however, predict 
the finding of Lower Greensand here, seeing that there was so little 
thereof further south at Chatham ; but Lower Greensand has been 
found, and has yielded the wished for water. 

Having visited the site, seen some specimens, and got further 
details from Capt. W. W. Eobinson, E.tl., who had charge of the 
work, and who has described its i^rogress I am now enabled to 
amplify the last two lines of the former account, as below. 

Chattenden Boring. Details below the Tertiary Beds, 

TliiclcTicss 
in 

Tertiary bods (as before) 200 

Chalk. Spet'imenf^ of (dayey ehalk (probably Chalk Marl) 
at. 890, 005, 920, and 940 feet. No springs found. 

Lase not noted. Presumable thickness, judging by 

the Obailiam sections, say bSO or 682 

Gault, witlj Honm pyrites. tSpeciineus, light-coloured clay 
at 1100 and 11. ‘10, the latter with fnoccra7min: just 
above 1140 a Eos/eflaria ; at 1140 a phosphatic no- 
dules, with the cast of the wliorls (jf an ximmon.ifc 
about 1140 a small ])ho8j)hutic nodule, ciiieflv .*\u 
Amvionifc \ at 1 142 dark grey clay. For the last few 
f(‘(‘t tbo clay was dark, but with green grains. About 
9 inches of ro(^k at the bottom (specimen of phos- 

phatic nodule, from 1101 feeil ?ahojit 192 or PK) 

Tlie chisel then drop])('d 0 feet, .and water quickly rose to 
about. 107 feet, below the surfaec, some grtauiish sand 
being brought up in tbe first ebullition. .Presumably 
thi'refore the liOWTr Oreensfind Avas louelu'd. Hand 
rose abo\il <>0 feet u)) the t.uhe, and a specimen of tlie 
earth being n'lnoved (in February 18S(i) consisted of 
a mixture of Gault clay with some given sand. 

Wbon the bottom of tlio tube was cleai’od out, and tho tubes 
were driven down into the sand, the water rose to within 100 feet 
of tho surface. y 

Tht^ almost exact corresjioiidencc of tho total thickness of tho Chalk 
and tho Gault, S72 foot, with tho same total at Chatham, where well 
no. 1 gives the figures 87S, and well no. 2 tho figures 875, is note- 
worthy. 

The prosonco of the Lower Greensand here shows that in my 
section (Guart. Tonrn. Gi*ol. Soc. vol. xlii. ]>1. iii.), that fonnation 
should have lu'cn carried a little further north. 

^ ‘The Eoyal Engineers’ Journal/ vol, xvi. no. 188, pp. 151, 152 (July 1, 
1886). 


Depth 
in feet, 
290 


972? 


1162 
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The Dover Convict-Prison Boring, 

Since the reading of my paper the Dover horiiig has been carried 
a few feet deeper, and has been abandoned from want of success in 
finding water. I have visited the site, in company with Major 
Beamish, ll.E., who had charge of the prison-works, and secured a 
number of good specimens of the bottom-clays. 

The few small specimens previously to hand seemed of rather 
doul>tfiil character, partly by reason of the attemj)ted personation 
therein of fossils. The abundant material since to hand, however, 
disposes of any doubt as to the hona fide character of the earlier 
specimens, which is satisfactory. 

The new specimens th(‘mselv{‘s ma}* hardly have heeii thouglit 
satisfactory hy ray colleagues, Mr. (i. Sharman and Mr. E. T. 
Newton, who carefully examined them : for, after washing and 
sifting jiicccs of many of these, tlu'y arrivtxl at a negative result. 
They could fiTid no sign of fossils, save for a solitary s]>eeimon of 
a liotnlia. Whether this was really in place in the hot tom-clays, 
or had heon carried down into tluan hy the })oring-tool, is a <iuestion 
not w(}rtli debating. 

As A\'e can get no information from fossils, wo must turn to the 
oft-alnised lithological character of th(‘ s])ecinu‘iiR for guidance, ami 
in this case, 1 think, with some result, ih fore taking up (his subject, 
liowcvor, some (‘orrections may be mad(^ in the classification of the 
beds in my former pa])er. 

Ill the first place*, there can he little doubt that the thixu* beds, of 
a total thickness of five doiilit fully classed as the toji of tlio 

Lower (ireensaTuI are really the clayey grecaisand and nodule-bed 
that form the base of the (Traiilt. 

In the second ])la(‘e, the lowest hod hracki'ted wit-h th(5 Lower 
Groonsaiid, though with doubt, is sliowii by Bpecimens to belong 
instead to tin* uiiderlyiiig series. 

The taking away of theso 1 S feet of beds from the Lower (Ireon- 
sand h aves that t'orination with a tliiekness of ill feet only, and it 
will be of some interest to make out what divisions of that formation 
are pre-ent. At. the outcro]), some miles to the S.W,, w<^ liave four 
divisions: — the Ath(*rti(‘ld (day, at the bottom, ni^arly feet thick, 
much in excess of tlio usual thickness in Kent ; the Ifyilie Beds, 
about (10 feet : tie- Sandgate Bods, here reacliing a thic.kness of about 
80 feet, though usually much less ; and the Folk(;stone Bods, iH) feet 
thick, at the to]>. 

Beginning with th<‘ lowest of these, here, as at (Jhatliam, there is 
no sign of the marine Atlu-rfield Glay. The two borings also agree 
in the absence of anything like the sand)' calcareous mass of the 
Hythe Beds. Wdien examining sj»ecimens from the lower ])art of 
the Dover Lower (ireensand, it struck me that I iuid seen something 
of the same son :traongst the (.hatham specimens, and on turning to 
these it was found that th(- two S(‘ts exactly agreed in character, as 
far as regards the bottom eleven feet or so ; for, on putting the 
specimens side hy side, it was imjmssiblo in some cases to see the 
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slightest difference between them, and in no case was there any 
notable distinction. Wo may fairly conclude therefore that this part 
of the Dover section should be classed Muth the Sandgate Beds, as 
was done in the Chatham case. 

Whilst at Chatham, however, these compact clayey sands are 
overlain by looser sand, like that of the Polkestone lieds, at Dover 
the upward continuation of the Lower Greensand is still in clayey 
sands, though differing in colour from those alluded to above, and 
there seems to he nothing representative of the sandy Folkestone 
Beds. It seems fair therefore to conclude that we have here the 
Sandgate Beds alone, esi)ecially as these are thicker at the neigh- 
bouring outcrop tlian to tlio west, although that division of the 
Lower Greensand is the most inconstant of all along the outcrop in 
Kent, as well as in Surrey . 

lieturning to the beds below the Lower Greensand, a, little mistake 
in the published account should be put riglit. A very small speci- 
men of one of the clays is described as “ mixed with chalky matter.” 
It contained some white specks, which, from their ap}>caranec, were 
taken to he calcareous. Wlien the larger and bett er set of .specimens 
was examined, this was found to bo a wrong infenuice; for the 
peculiar white earth, of which there was plenty, gave no sign of 
effervoscenco wlum dilute hydrochloric acid was poured on it: the 
acid sim])ly soaked in. 

On a like tost being applied to various Cretaceous and Jurassic 
marine clays a very different result followed : as would be cx])ccted, 
they all gave chnir signs of containing calcareous matter. 

In view thend’oix? of the ]>ossibility of these cL-iycw bc'ds being of 
Wcaldon age, a ])Ossibilil:y wdiieli had been already alludc'd to, it 
was desirable U» (jxamine specimens of AVealden clays. Unluckily 
our rock-collection aiJcrmyn Streit. was very poor in lliis particular, 
and it wnis not until after some time tliat 1 w'as able to make the 
needful examination. 

It having oc(‘urr(‘(l to mo that Mr. G. Maw was like ly to have a 
good collection of clays, 1 ji])plied to him, and lie was kind enough 
to send im' t\>'eiity-tw'o specimens from Weu.den beds. Tlieso may 
be divided into throe sets. 

Firstly, three si>ocimens of \\'eald clay. One of tlieso was from 
a Fahu/lna-hiM], anotln'r w as from a )>ed that rested on the Horsham 
Stone, and the tliird came from between layers of that stone. Under 
these circumstances it is not surj)rising that, iu all, effervesceiice^ 
ensued on tlie a])pHeauon of liydi-ochloric aci(l. 

Secondly, eiglit specimens of Wh'aldeii clays from Dorsetshire, 
none of wdiich caused effervescence. As, -however, these wmre uot 
like our Dover clays, we may pass them by. 

Thirdly, ton siiecimens from the Ashdown Scries, at and near 
Hastings. These showx'd various iioints of likeness to tho bottom 
bods of the Dover boring : none ol them caused effervescence with 
hydrochloric acid ; some of them had the same whitish colour and 
the same very fine texture ; altogetlior they reminded one of the 
Dover specimens, and I feel no doubt that the beds there reached 
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belong to the Hastings Beds. To say that they belong to the Ash- 
down Series, the lowest division of these, might he rash, as like beds 
occur more or less throughout ; but at any rate there is a groat.pro- 
bability that they may do so. 

With the fresh information acquired both from specimens and 
from notes, for which, in both cases, I have to thank Mr. 11. 1). 
Batehelor, the well-sinker, I am enabled to give the following much 
fuller account of the beds below the Chalk in this important 
section ; — 


&ault, 143 feet. -I 


Lower Green* 
sand. The lower 
part (and j)ro- 
bahli? the whole) 
Sandgate Bede. 


Xliickness 
in I’ect. 

To base of Chalk. Specimen of clayey chalk at 630 feet 

( Gault. Speciineiis, grey snmly clay at 
71^1 ; grey sandy clay witli green 
grains at 800 (both caleareous) ; 
light -greenish sandy clay or clayey 
sand at 813 ; piiospliat.ic nodules, 
depth not marked. At the site there 
is plenty of tlie ordinary dark grey 
clay, sometimes with green grains, 

and phosphatic nodules 138 

I Rocky dead green sand 1 

Dead green sand 
Hard boulder-rock (? nodules) 

’ green sand. ' iSpecimouM, green 
clayey sand at 822 ; very line-grained 
greenish cla.y<5y sand at 820 ; line 
greenis!i-grcy clayey sand, or satidy 
clay, at 81 >1 ; a set of ftno-grained 
grey or brownish-grey sandy clays or 
clayey sands, at. 838, 840, 811. 841, 

840, 847, and 848, compact and vxnvfUf 
like the ajH'cimanH from I he Ckafham 

\ horiiiif (032 to 043 feet) 31 

/Black .sand and clay. S]>eciinons, 

brownish-grey clay, ratlier sandy, at 
850 and 858; brown isli ;ind grey clay 

at 802 ‘ 13 

Brown Clay. Specimens, brownish -grey, 
rather sandy elay at 804; grey and 
brown clay, with specks ol‘ pale very 
fine sand ; brown and brownish-grey 
elay at 875 ; grey clay, with ]>ule 
V(3ry liiu’ sandy specks {iwf chalky, 
as was thought from the small speei- 

men fir.st soon) 17 

Dark sand and clay. Specimens, brown 
and grey elay, one slightly sandy, the 
other wit h jiale specks (as above) ... 1.;^ 

Rock, All broken up, no wpe(4irien gut, 

[Below this the account dilfers from 

that published before.] ^ 

Light-brown clay. Specimens, brown 
and grey clay at 882 ; brown clay at 
884 ; grey clay at 885 ; grey and 
browm clay at 886 ; brown clay, and 
grey clay witli spiwks of pale fine 
sand, at 888 ; grey clay at 81X) (rather 
sandy) and 893 13 

Q. G. S. No, 170. . ] 


Depth 
in feet. 
075 


Wealdon. 

Probably 

82 fbet. 


813 

814 
816 
818 


849 


862 


879 

880 ^ 

881 

894 
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Wealdeii 

{cimfinvc^^. 


Thickness 1 Deptli 
in feet. in feet. 


I Dark <■!«> with ja rites, fcipeciiiiens, 

I grey clay at and 898 4 

Hard dark clay. Specimens, grey clay 
at 8J19, \m, 001, >111(1 oaa, some with 

pale sandy sjiecks 7 

Drown chiy. Specimens, grey clay’^ sit 
O(M); jjide grey pipe-clay, with pale 
very fine-grained sandy lumps, the 
whole whitish and calcareous in 

appoiraiice, but not so really' (> 

J>ark clay, with rag-boulders. (?SoiiU‘ 
error here, specimen at 01. ‘i be.ing of 
wbilisb earth, like tb(^ last ; ? former 
account more correct.) Specimens, 
grey clay, with light-coloured patches, 
atOlfi; grey clay at 017 (one ])icce 


sandy) and 0!8 M 

Very liglit-colourod clay o 

Da rkcr clay. A small spiM-nmen . marked 
0.‘i7 (? should be 027), is light-grey 
cljiy, rather sandy 'C I 


808 

oor> 


vm 


020 

OiiO 


oyi 


On comparing the Dover section with that of Chathtiin (described 
in my former i)a\)eT), we see. that tin* uiidergound thinning of the 
liowor (h'(‘tac(‘OUB beds has gone fuither tit tln‘ hitU^r jdace thtiii at the 
former, cxce])t as regttrds the Lower (iret'nsand, wliicli is 4J feet 
thick at (/hathairi, 'wlierc* two divisions (tin* Folkestone Jhds and the 
Sandgfite Hods) aj'<‘ rejiresented, whilst at DiAor ne have but 31 
feot, of Bandgjite Beds only. 

At (.■luithain, however, all the (b’etuceous IxhIs Indow this have 
vanished altogether, iK'ither Weald tUay nor Hastings Beds having 
been found; but at Dover the latter seiics occurs, f(*r the first time 
in any' of tlie de.e]) borings in the ]..ondoii Basin, and has not yet 
boiui ])ierccd through. 

In drawing my traiisvers(* section, through C-hat ham, the Hastings 
Bods were sliouii us thinning out befoi'O the Weald Olay, that 
s('(uiiing to b(5 1,lie more likely event. The reverse is now proved 
to bo tlu‘ ease at Dover, and this may hold at Chatham also. 

The absence of the \\'eal(l Olay is ])erha])s less remarkable at 
Dover tlniri at C’hatham, for whilst the thickness at the outcrop 
south of the latter place seems to be about GOO feet, Mr. Topley' 
remarks that we have at ])reaeut no means of estimating 4he 
thickness of the clay further east [than the neighbourhood of 
Maidstone |, but it probably thins regularly in that direction, and 
may not he more than B50 feet thick near Hythe''*, the nearest 
outcrop to Dover, which jdace, moreover, is still further eastward. 

It may he of use to notice here the proliable thickness of the 
various divisions of the Hastings Beds at the outcro]) south-west of 
Dover. These are as follows, beginning at the top ; — The Tunbridge 
Wells Sand, 150 feet or more ; the Wadhurst Clay, perhaps 100 feet ; 

* ‘‘The Geology of tlie Weald,” to which Memoir I am indebted, also, for 
the thickness of the divisions of the Lower Greensand given above, and of the 
diviBiODs of the Hastings Beds. 
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and the Ashdown Beds about 160 feet — or in all more than 400 feet. 
We should expect, of course, an underground thinning towards 
Dover, so that, even supposing the boring there to be in the highest 
division of the Hastings Beds, it is unlikely that there should be any 
great further depth to be passed through before a Bre-Crotaceous 
formation is reached. 

At p. 44 of my former paper, attention was drawn to the chief 
points that sliould guide us in selecting sites for trial-borings, for the 
purpose of finding out the deep-s€'ated rocks of the London 
Basin, and Dover was mentioned, in each case, as a good site, 
meaning thereby the neigh] umrhood, and not imnoly the town 
itself. It was therefore with some satis] action that 1 saw varitms 
newspaper-accounts of the projected l.rial-boring now being made 
])y the South Eastern Kailway Company at the foot of Shakespeare’s 

ciiir. 

My previously ex]>resscd o])inion, which was shared by my 
colleague Mr. Topley, is strenglbeiied by tlu^ conclusions now come 
to as to the bottom-hods of the l)oring at the Convict Prison, whore 
the lower part of tlie Wcaldeti Series seems to have been struck, at 
the depth of 845) feet. 

As the well begins at a height of 2S0 foci above the sea, whilst 
that of tile new boring cannot ])0 mu(‘h above the s()a-l(wel, the 
latter has a great advantage in being at less vortical distance from 
the deeper beds. The iuct that it bus also an advant.ago from the 
sontherl}' rise of the beds, may probably b(^ more than neutralized by 
the inference that it is in that direction thai the Lower Creonsaud 
and the AVealdeii Beds are likely, oin^ may say are certain, to 
Ihicken. The difference of level taken alone would make the depth 
to the Woalden Beds some 570 feet at the new boring ; but, for the 
reasons above stated, one w'ould ratlior count on a slightly greater 
depth. 

It seems to me that it w^ould have been a far more satisfactory 
thing to dee])cn the existing boring of the Channel Tunnel Comi>any 
at St. Margaret’s Bay, about 2| miles E.N.E. of the Prison boring, 
and for good reasojis — the first that the trial-boring in question is 
already 567 feet deep ; the second that it is already some feet in 
the Gault ; and Ihe third that it is in a direction in which one may 
reasonably expect further undergound thinning than that of which 
we have evidence at the prison. 

New Boring at Htrood. 

In the early j)aH of last year another deep boring in the neigh- 
bourhood ot Chatham wjis finished, and although it does not add 
much to our knowledge of the underground beds there, yet it is of 
interest from the fact of its success in getting water from the Lower 
Greensand, and from its agreement with neighbouring sections in 
the thickness of the Gault found, which exceeds the previous record 
only by 3, 2, and 1 ^ feet resjiectively. Having been noticed onl} 
in newspapers, it is worth while to describe it here. 
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Suwarl Bros, and Spnicer^s Oil 
?A\)out 15 feet above Ordnance Datum. 

From an account in the Cliatham and liocJu si er O/fS/rver^Marth 6, 
1886, and from information from Messrs. Tilley, who made the 
borinp:. 

Water overflows in lar^?e (|uaniity (? 150 f:*allons a minute), and 
it ov(Tflow=^ed throujrh a small ])ipo to a heiglit of 45 feet above the 


ground. Temperature 62,^° Fahr. 

^'liickuesH. i Depth. 
ft. in. I ft. in. 

Mufi lAlhivium] 42 0 | 42 0 

f rpper Clifillt, wilh flints 0 ! 517 0 

fOhalli,r»Or)feet ]. -I Lf>wor Chalk and Chalk Marl 1P4 0 | 041 0 

} Upper Orconsand (base of Chalk Marl). fi 0 | 7)47 0 

Gault (2 in(;he.s of rook at the base on one .side, 4 inohe.s ! 

on the other) 11)5 2 742 2 

Lower Greensand ; fine sharp greenish-grev sand, with ■ 

water 14 10 ^ 757 0 


Boring at Lybd, 

A boring has lately been made for the War Office, at the Hoiithern 
end of Kent, which may bo of interest here, as tlie nu)sf easterly 
one through the lowest beds of the Wealden Series, and the 
following account may he of some value. The details W(Ti‘ given 
me by Messrs. 8. F. Baker and Sons, wdio carried out. the work. 

Hohnston 1886. 

Water-level 9 feet down. 



Tint 

kness. 

Depth. 


a. 

in. 

ft. 

in. 

Shingle 

15 

0 

15 

0 

Doulder.s 

1 

0 

10 

0 

/ Drown Hand 

15 

0 

52 

0 

j Clay, loam and sand 

4 

0 

.5t) 

0 

1 Black or grey sand 

20 

0 

5() 

0 

ilVhbles 

1 

0 

57 

0 

1 Bhwk or grey sand 

5S 

0 

115 

0 

Stiff loam 

1 

s 

lit) 

s 

Clean sharp sand 

4 

4 



Loamy cluv 

r, 

(» 



Sand 

•> 

0 



Clay 

*> 

(» 



Fine grey sand 

0 

0 



Sandstone 

• > 

5 

i 155 

6 

Olay and loam 

s 

0 1 

i 141 

6 

Strong blue clay 

5 

() I 

j 147 

0 

Stone 

B 

9 I 

150 

0 

White clay 

20 

0 

170 

0 

Marl 

29 

0 

200 

0 

Loamy clay 

8 

0 

208 

u 

Marl 

42 

0 

2.50 

0 

Hard stone 

4 

0 

254 

0 

Verj' hard stone 

2 

0 

256 

0 
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Thickness. | Depth. 



ft. 

in. 

a. 

in 

Milder stone 

2 

0 

258 

0 

Tough clay 

4 

0 

2(!2 

0 

Sandstone 

1 

0 

244 

0 

Stone 

2 

0 . 

245 

0 

Sandstone and clay 

2 

0 

2(i7 

0 

Hard tough clay 

2 

0 

2(ji» 

*0 

Very fine clay and stone 

S 

0 

272 

0 

Clay and stone 

2 

0 

•-’74 

0 

Mild clay 

ti 

0 

•.’77 

0 

Very hard clay 

12 

0 

■J89 

0 

Veins of peat and cla^ 

2 

0 

2va 

4 

Hard clay 

I 


204 

0 

Very hard clay 

2 


205 

4 

Mild sandstone, with waior 

•> 


20H 

0 

Hard Handstone 

4 

0 1 

1 402 

0 

Mild clay 

4 


1 404 

0 

Dark clay 

;n 

i 

447 

0 

Red and white mild clay 

h 

0 ! 

1 414 

0 

Hard liglit-cotnired clav 

7 

! 

450 

0 

Hard red clay 



45f> 

0 

Very imrd dark clay 

1 


440 

0 

Very mild dark clay 

.4 


4ti4 

0 

Hard light ] coloured] clay 

2 

0 

445 

0 

Very hard dark brown stone or rock. 

.4 

(t 

448 

0 

Hard sand rock, with water 

7 


; 475 

0 

Dark grey loamy soil 

4 


1 470 

0 

1 \‘ery tougli dark clay 

14 


; 402 

4 

Very hard clay 

10 


i 402 

4 


A num])er of sjx.^ciineris have h(Kni oxaiiiiiied^ with Mr. 

To])ley'.s assist aiic‘(i. They consist most]}’ of pale greyish clays, witli 
some light -coloured motllod clays, and a few very line com]>act light- 
coloured sands, the whole being oriike character t o the lieds that form 
the lower })art of tin*- Wcalden Series, the bi*ttom of which would 
probably be reached at no very great lurther deidh. Some of the 
8])ecimens are like 8om(.‘ of those from the Dover boring. 
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17. On a Sacbttm, apparently indicntiny a new type of BniD, Orni- 
THODESMUS CLUNICULCTS, Seeley^ from the WealdeiV of Brook. 
By H. G. Seeley, B.B.S., F.G.S., Professor of Geography 
\n King’s College, London. (Read March 9, 18S7.) 

IPlateXILI 

The discovery of the pneumatic condition of the vertebra) in Orni- 
thosaurs and certain Dinosaurs showed that tbc}' diverge from 
R/eptiles in structural characters which are tyjically Oriiitliic. The 
augmented number of vertebra) in the sacrum in both those groups 
also shows a divergence from existing Reptiles, which is markedly 
Avian. On the other hand, the small number of sacral vertebra) 
found in the Arehrroptery.r has proved that a bird may have 
the sacrum no more complex than in Ornitbosaurs and Dinosaurs. 
The bird’s s«acrum formerly had a simpler .structun>, just as the 
intervertebral articulation was Bimj>]er ; and we ox])('cl to lind 
some of th(5 distinctive osteologieal attributes of existing birds 
wanting among (‘.arlier representatives of the class. This would 
also be a fair inference from Prof. Huxley s exposilit)n of tlie sacrum 
of the fowl. Hacral vertebra) are defined })y their nerves uniting to 
form the sacral plexus ; judged by this List, the fowl has fi\e sacral 
vertebroc. But osHificaiion lias extembsl beyond them, so as to 
incorj)orato in the saeniin the four anterior verb bia) wliicli were 
originally dorso-lumbar, and the five posterior veatebne \\'hich were 
originally caudal. Wlioii the number of veitcbne is reduced, the 
structure of the sjicrum maj' !)e simjiliiied. At the present day the 
most- striking character of a bird's sacrum is the absence of trans- 
verse proeesses ext-ending outward from the bases of the true sacral 
vertebra), so that deep depressions are formed in its middle' region, 
comparable to the entire sacrum in some Ornitbosaurs. These 
depressions contain tlie middle lobes of tho kidneys, and therefore 
may be presumed to be due to the way in which the development 
of those organs governed the ossiti cation. Heriec^ the presence or 
absence of this osti'ological eba rafter would imply no more than a 
slight difference in the dee])-seated condition of tlu' kidnej ; so that 
the renal, recess might be wanting, without implying any important 
difference in organization. ^ 

The specimen W'hich 1 am about to describe wants the modified 
renal recesses of the sacral vertebra) of the sacrum (PI. XII. figs. 2, B), 
the ty])ically Avian saddle-shaped intervertebral articulation (fig. 4), 
and the largo number of vertebra) commonly found in a sacrum in 
existing birds. It is in the Pox collection of the British Museum, 
and is distinguished by the number ™ . 

This sacrum is 9‘fi centimetres long and slightly curved, so as 
to be concave in length on the ventral aspect (fig. 3), though the 
original curvature may have been less than the specimen now shows. 
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The bodies of the vertebr© and neural arches are both higher in 
the anterior part of the specimen than in the posterior part, towards 
which the depression steadil}" augments (fig. 3). 

Anteriorly the articular face of the first centrum is transversely 
ovate, as among many birds, fully 15 millim. deep, and 20 inilliin. 
wide, as preserved (fig. 4). It is in the main tlattcnod, ai)parentiy 
slightly concave from above downward, with a sharp peripheral 
edge, now a little broken and showing fine cellular tissue. 

Tlie posterior articular face is much smaller, and is also extended 
transversely (fig. 5). It measures over 15 millim. wide at the base, 
and is much narrower below the neural canal, to’vards which the sides 
converge upward. It is over 1) millim, deep. I’here are two small 
abraded tubercles which look downward, placed at the outer angles 
of the base. The articular surface of the centrum is flattened, but 
slightly concave, and has a small prominence extending backward 
below the neural canal ; the whole surface is inclined obliquely 
forward so as to look obliquely backward and upward. The small 
articulation for the caudal verte])ra, as compared with the inter- 
vertebral articulation in the dorsal region, is a character which has 
not Ixjen found in Dinosauria, and, like the transverse extension, 
is Avian, though the latter character is also found among some 
Ornithosaurs. The small caudal articulation implies a small tail ; 
and it will subsequently bo seen that we are ontitled to infer that 
this l.ail was of the typo which characterizes existing birds. 

The sacrum includes six vertebra', which ajcit perfectly anchylosod 
together (figs. 1,2, 3). 

The transverse ])r()C 0 S 8 es ( figs. 1 , 2, l\t)i\re given off at the junction 
of the centrums. They extend from their origin on the sides of the 
vcrtchrse up to the neural x)latform, which is a horizontal lamina, 
formed by the blending of the nrairal arches, (extending along the 
sacrum on each side of tlu! neural s]unc. This ])latform (fig. II, ?i//) 
in its anterior ])art is directed outward and slightly U])ward ; in the 
hinder part it is horizontal. The height from the base of the 
centnim to the neural platform at the junction of the first and 
second vertebra) is 2*2 centira. ; at the junction of the fourth and 
fifth vertebra? the corres])ondiiig measurement is 14 millim. The 
neural platform does not appear to extend to the sixtli vertebra. 
Tlie width of the neural platform at the set'ond vertebra is 14 
millim. ; at the fourth vertebra it is about 2 millim. wider. Tho 
neural spine is broken (fig. II, m)y but appears to foi in a thin con- 
tinuous vertical plate from the second to the fifth vertebra (fig. 1 , ns). 
Its base is 3 millim. wdde in front, but it is stronger in front than 
behind. As jireserved, it is only half a centimetre high in front, 
and its height posteriorly was less. 

The posterior aspect of the sixth neural arch is worn, so that the 

^Gural spine is seen to be vertically 
grooved. The first vertebra has its zygapophysial facets preserved ; 
they have the characteristic oblique, curved, Avian position resting 
flat upon the neural arch (fig. 4, z). 

The sides of the centrums are compressed, and the first two show 
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long concave lateral depressions, in which are impressed ovate 
apertures of a pneumatic character (fig. 3, pn). 

The vertebral centrums are nearly Cijual in length, but become 
slightly shoiter posteriorly, and the sixth is conspicuously short 
(fig. 2). The first has a length of 1 7 millim., the second of 1 0 millim., 
the third, fourth, and fifth are slightly shorter, and the sixtli measures 
13 millim. 

The general asj)ect of the underside of th(3 centrum is flattened, 
with the flattening augmenting jiosteriorly. The first centrum is 
decidedly convex from side to side and concave in length, but the 
longitudinal concavity becomes obliterated with the next vertebra. 
The transverse? measurenjeni is from 1 2 to 1 3 millim. In the second 
vertebra tl»c centrum is a little wider and il alter, and it widens 
posteriorly because tlie transverse process descends almost to the 
level of the base of the centrum, and widens transversidy in a direc- 
tion nearly hori/oniji.1. In the third verU'bra the width is nearly 
15 millim.: in the fourih it is U> millim., and in the fifth and 
sixth it is 13 millim. 

The first transverse process (fig. t) is on tlie luuiral arclj ; but in 
the 8ueoe(^ding veriebne they descend, iill the bjisc? oi‘ the fourili ])ro- 
cess is on alevcl with the])ase of the cent.rinn : their ant er()-])osterior 
extent gradually inen^ases as they extend backward. The sixth 
vertebra is at first less cons])icuous than the otlu'rs, h(?causo its 
transverse proctisa does not desccaid to the base of tin? cent nirn, from 
whi(;h it is defined l>y an oinarginatiuii. All the transverse pro- 
cesses, oxc(?])t the last, arebrolvon (lig. 2), and tin' measurement across 
them and the intervcaiing vert (‘bra, ns preserved, in no case exceeds 
3 centirn. ; but tin? abrasion is ]»roba])ly sliglit, since the ])roeessc8 
are as long ns hi niaaiy existing birds, ainl in some cases the corre- 
spondence wilii birds in eonlour ainl longtli of the juocesses is 
absolute. 

The side of tlu' sacrum below llu' neural jdatfonn and between 
the transverse imaa'sses ajipoars in all cases to Ix' excavated. The 
transverse juocess between the first and second vertebra? is vertical, 
15 millim, high and a miliiin. from front to back. The other 
processes have some rcs(?m]djinees with .lAv/r7/owaya.s*, but appear to be 
veHical (fig. 3, f) and constricted in the middle, excc])t the last, which 
is sub-ovate, but little elevated, 12 millim. high and 10 millim. wide. 

The neural canal is wider than higli (tigs, d, 5). 

The only extinct animals with which this type of sacrum can^e 
compared are Dinosaurs and Ornithosaurs. With described Dino- 
saurs, notwithstanding many general points of resemblance, it has 
comparativelv little in common. Alo genus approaches it more 
nearly than Jly psilophodon^ in whicli the character of the sacrum is 
altogether diflereiit in the transverse processes of the first sacral 
being given off on a level with the base of the centrum, while in tlie 
later vcitebra? these processes originate higher up on the sides of the 
centrum. Mr. Hulke has described a shallow median groove as 
occupying the ventral surface of the centrums of the sacnim in that 
genus ; but it is very different in character from the vascular groove 
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2, vc) seen in the median line of this fossil, which is better com- 
pared with the similar groove seen on the sacral centra in Vultures 
and li’hthiiornis victor. If we were to say that the general analogy 
with Dinosaurs is such as to give a reasonable probability that some 
member of the group will be found to resemble it, the [)redi(*tion 
w ould not seem inadmissible ; but it would only be another mode of 
recognizing the approximation of the sacrum in Dinosaurs tow ards 
that strudiire in birds. Unfortunately nothing is known of the 
sacrum in British Dinosaurs wdth pneiiraatic vertebrae ; but if the 
American types which are thus characterized may be taken in 
evidence, the sacrum has nothing in common wdth tlu' sacrum 
described which would tcuid to affiliate it to the Dinosauria. 

The sacral vertebrae in Oriiithosaurs arc also united int o a sacu’um. 
Von Meyer has staled tlie number of Aert(d)ra' in s]K‘cies from the 
Soleiiliolen Slate at from a to (>. They are aiichylosed at a suffi- 
ciently late ]HTiod for tlu* vertebra' not to show the diminished 
length seen in tlu^ sacrum of a bird. Tlu're is a rcstanblance to 
the fossil in the iransvc'isc form of the articular face of the ctadnim, 
a less resemblance to llu' concave aitieular surface ol tlu' first sacral 
vertebra, and no restaii bianco to tht‘ fiat or concave articulation of 
its last vertebra, wdiich in Cndaceous Ornithosaurs is convex, 
'fherc is a gc'ncral resemblance in tlu' pueiimaiic. character of the 
bones; but I am not aware that any Ornithosaur has Ibe foramina 
similarly situate, or that the structure of tint sacrum is such as this 
fossil show's. 

Tiij'jiiijg to birds, t he form of the articular face of tin' first sa.(;ral 
vertebra is variahle, so that tht5 (Jaunet, which has the low'er dorsal 
vorfebije almost bicoiicave, has tlu^ articular face |]al,wdlh a central 
pit in the lir.st veT’t(0>ra of the saer;il mass, which cannot, he termed 
sacral, since it caiTics ribs. There is tluuidbn' no insn])enil)le 
diilicnlty in the ahst-nce of tlu^ ty])ical Avian articudation of the 
first vertebra in iiiter[>r«'ting the sacrum as that of a bird, since the 
Avian ar1ieu];-ti(ai has already lu'cn found tobea]>sent. in the sacrum 
of Eiidliortrus from the Cambridge (ircensand, and in tliat of IcJitJnf- 
oritla, figun d by Professor Marsh. 

In JehOt^foruis dispart there are ten vertehramn the sacrum ; Imt 
the specimen forms an intert'sting link with our fossil, in differing 
from' existing birds by mfi h.aving the transvcTsc ])rocesses of the 
middle sacral vertfibru; ek'vat-ed from Urn centrum on to the lumral 
arch, it is triu' that they rise a lit tl(^ on the last tJjree sacral vertebraj 
of IrhtJnjtn'n is dispitr, Imt then then^ are more vertehne in the sacrum 
than ill this fossil. Jrhfhffortiiit^ however, is no near ally. 

Among ('xisting lards, j w^as led to seek an elucidation of the 
fossil among the Tenguins rather than any other type. Ixtoause their 
dorsal vertehne present the oifipthocalous deviation from tlie Avian 
articuliition, whicli has already olfered a suggestive ex])la.nation of 
the opisthoemlous articulation in certain vertciirm of soim; Dinosaurs, 
towards w'hich the* sacrum may ajiproximate in a general way. The 
sacrum of Apteaodyti'H, however, is typically Avian. Yet in the 
* Jehthyornis victor iimy be geaericrdly distiuct. 
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large A. Forsteri^ which is not dissimilar in size, there is enough in 
common with the fossil to make some comparisons instructive. 

In the skeleton of Aptmodytes Forsteri, in the Osteological Col- 
lection of the Jiritish Museum, numbered 1 107 h, the presacral ver- 
tebra is imperfectl}^ anchylosed to the sacrum, and comes away 
leaving a rugose surface, which is slightly convex from the ventral 
margin to the neural canal. This is the converse condition to that 
seen in the fossil. But just as birds have the vertebrao biconcave, 
fiat, and opisthococlous, as well as saddle-shaped in the interceatral 
articulation, there is no antecedent improbability in an extinct bird 
having the articulation procoelous. 

This Penguin’s sacrum contains ten vertehrm, and differs from 
the fossil in many details. It has not the median ventral canal, 
nor the pncMimatic pits ; but the Penguin is exceptional among water- 
birds in that respect. The transverse processes of the early sacral 
vertobroi of the Penguin are inclined forward as they ascend from 
the centrum to the neural platform, so that the process rises from one 
centrum to the neural arch in front of it ; whereas in the fossil the 
processes are vertical, and given off‘ at the junction of two centrums. 
The middle three sacral vertebra) of the Penguin, have the character 
already discussed as typical of existing birds, the attachments for 
the ilium being given off from the neural arch, and this is an 
important difference from the fossil. But the posterior widening of 
the transverse processes seen in the Penguin is -well marked in the 
fossil. And the last vor? ‘bra has the vertically ovate tubercle for 
the ilium upon its own centrum, and is conditioned in every respect 
in the same way in the Penguin (fig. *()) and the fossil (fig. 5). The 
correspondence is almost as close in the character of the transverse 
processes and zyga])ophysc8 of the first sacral vertebra. The resem- 
blances furlihor include the flatbmed neural platform, which is better 
developed in the fossil than in tin Penguin. The neural spine in the 
fossil is thinner, more as in ordinu ' birds, and ai)parciitly lower than 
in the Penguin. Another resemblance is in the descent of the trans- 
verse processes from the neural platform in the first vcrf;ebra to the 
base of the centrum iruthe fourth voriebra, in consequence of which 
the first two vertebree have their bodies compressed from side to side 
(fig. B), In both tyj>e.s the bodies of these vertebra) are of similar 
form, the first rather flattened on the underside and concave in 
length, the second widening as it extends posteriorly. Though the 
centrums in the fossil are approximately of equal length, their length 
diminishes in the middle of tlie sacrxim in a way which is Avian, 
though the shortening is less than in existing birds. Prom the Avian 
form of the last sacral vertebra it may perhaps be legitimately 
inferred that the tail was not unlike that of a Peuguiii. 

From this comparison it is manifest that the differences which the 
fossil shows from existing birds are three : first, the small number 
of vertebrae in the suer inn ; secondly, the absence of the sacral 
recesses for the middle lobes of the kidneys ; and, thirdly, the form 
of the articular face of the first sacral vertebra. Fossil birds lessen 
tlie importance of these dift'erenccs : first the ArchceopUryx has as 
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few vertebrae in the sacrum ; while lefithyomis dispar has no renal 
recesses in the middle of the sacrum ; and the Gannet makes a 
sufficiently near approximation to the form of the articulation to 
remove any im])robability as to its being a modiiied Avian form. 

I therefore venture to submit, on the evidence of the resemblances 
and considerations which have been discussed, that Ornithodasmus 
is probably a bird ; but it differs from existing birds, so as to suggest 
that it is a link towards lower forms. It cannot be placed in any 
existing division of the class, but approximates towards Dinosaurs 
in a wniy of which no bird had previously given evidence. 

I am indebted to Dr. Henry Woodward, P.K.S., for facilities 
afforded me in making this study. 

EXPLANATION OF FIGUEES. 

Plate XIL 

ns, neural spine ; t, transverse process ; prezygapophysis ; postzygapo- 
phynis ; 9i'p, neural platform ; pn, pneumatic foramen ; vc, vascular groove. 

Fig. 1. Dorsal view of sacrum of Oniithocksmiis dunicultts. 

'2. Ventral view ’ol‘ sacrum. 

3. Lateral view of sacrum. 

4. Anterior articular end of first sacral vertebra. 

5. Posterior articular end of last sacral vertebra. 

6. Posterior articular face of last sacral vertebra of Aptenodytes 

Forsteri, 

(For the Discussion on this paper, see p. 219.) 
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18. On Heteeosuchtjs valdensih, Seeley ^ a Proccelian Crocodile 
from the Hastings Sand of Hastings. By H. G. SEELEr, 
F.li.S., F.G.S., Professor of Geography in King’s College, 
London. (Head Mareli B, 1887.) 

[Plate Xll.] 

The spocinDiji in the British Miiscuni, ninn))ere(l ^0055, came there 
in the s<H*.()n<l Maritfdlian collection, which was acqiiiied after Dr. 
Mantell's death, it is part of a thin ironstone nodule, lU centiin. 
long and (5 e.cntini. wid(‘, from the Hasting.s Sand of Hastings, mani- 
festly Will er- worn, hut containing vertehrie which have not hitherto 
been d<;l (nniined. 'I'he nodule (JM. X li. tig. 7 ) displays the remains of 
fully a dozen vertebra', wliich ext(md round the nodtile in parts of more, 
Ilian one coil, sr) arranged as to eN])ose. the ventral surface' or bodies 
of the V('rtehra‘, towards the extcTnul margin of the coTnrt'lion. 
These V(;rtehne indicate' a procadian Crocodile of small size; and 
although the rc'iriains are so inqK'rh et, I reh'r them to a new gt'nus, 
since their forms ar(' different from those of any Piirh(*ek Crocodiles 
or other dtwrilK'd (hneodilin. 

The nodule displays some ollic'r vertc'hrate remains which may 
possibly belong to another kind of animal. Thus in a transvrrse 
fnielure tin' outlines may h(‘ traci'd of two long ovals whicli evteiitl 
in tlu' sanu' axis, iiiul may ropiesc'nt thi' siqurior aspt'ct of the 
])ari(‘,ial region of a small skull, in whieh em'h temporal fossa is I;» or 
11 miilim. wich'and 7 fnillim. long. Tin' external surface apjaairs to 
show a very fni<' jiunctate oniann'iu, not unlike that se('n in some 
small i’urheck Croi’odile'j : and what might he the {piadratf' hnnt' is 
st'on to extend in mii <Mft\vard dire<'tion as if is prolonged distally. 
No ])roc<elian < 'roeodih' has lln* teiinMual vacuities elongated in this 
wav ; hut from tln^ imjaTfeet ])n‘.M‘rvalion .and .•'inall siz(' I am 
doubtful wh('th<’r the skull should ]>e referre<l to tlu* same animal as 
the V('rte]>ra', on llu' hypotlicsis that it is to In' included in the 
Procud ia. 

On tlu* worn ext<'rnal surface of the lunlule, somewlmt below the 
remains of' tlu> saernin, are some obscure outliru's of bones. whi<*h 
can ordy be followt'd with dilliculty, hut which may he ])ubis and 
ischium ; and in tlu' po'^ition in wliich the aci'iahulmn might t'xist, 
there is a welldelined l•.l'nlisphl‘rica] pit. 'I'hese hones are mifch 
smaller than would ha\e been ex])ect<'d ; hut their })roximity to the 
su<*ral vertebra makes it important to remark that the aoetahnlum 
is that of a laeertilian, wliih’ the forms of tlu* hones which combine 
to fonn it an* not crorodilian. In the })ossihility that all the 
remains may hc' iiortioiw of one animal, this fossil would diverge 
from existing (h'oeodih's in a directum of which no crocodilian has 
hitherto given evidt'ucc. 

The vertehrje include one late cervical, (dght dorsals, and two 
whieh may he classed as sacral. These vt'rtehne are remarkable 
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for a completeness of ossification wliich existing Orocodiles do not 
show. 1 have no doubt that the specimen was mature, on account 
of the length of the neural spines (tig. 7, ns). All traces of sutures 
are ohlit (‘rated, and tluac is no traei* of th(‘ inlbitioii whi(‘li, in living 
Oocodiles, eoninionly marks the line of lh(‘ lUMiro-centnil suture. 
The articular ball of tlie centrum was as well ossiii(*<l as in a lizard 
or sen-pent (tigs. 7, and tlio ridges on the jnirt of the ni'ural 

arch arcdelined with a shar])!u^ss imknown among living (Vocodilos, 
and sugg('slively JHnosunrian. 'Jhe iiuxst distinctive features, how- 
ever, of tin ‘se vertebne are, the side-<o-si(l(‘ eoiu]»ressi(>ti of t lie bodies 
of the centrums, and tb(‘ comparatively tb'pressed neural arcdi, with 
its stn>Jig ZYga])oj)bysial ridgi^s and weil~dev('lo{)0(l nc'ural spine, 
'flic inferior y-sha])ed a]»proximation of tin* sidt^s of the centrum, 
which throws tin* m'ural arch out. laterally above , is t lie principal 
generic charaeder seem in the dorsal region. 'ITie cervical ven-tebno are 
so inijicrfeed K expose'd t’nal it is eiitlicult to draw gt'iie'ric cliaiacters 
from tliem ; hut if the one s])eeimcn sen* u is rightly de‘tennineel, it 
shows a fundamental dillerence IVom procei liau (h’oe odile's in the olev 
vation of ihe* facet f<»r tlio ri]> upon the* neural arch to a position which 
almost adjoins the jirczygapophysis. But as the-se ve‘i*te‘bne are not 
coutinuous with tlic dorsal series, and there* is no diapophysial 
tuht‘rcie em the* neural arch, 1 hesitate to draw what wemid other- 
wise* lie a legitimate eonclu.‘'ion as to atlinities from this characleu*. 

Two or thiee cervical verfohra' are jinvamt, hut only one is 
partially fre*e from the matiix. The .^ecoinl speadinem siious the 
emfliiie of the* neural arcli from above*: Injj tln'inmra] sj)ine‘s. whi'di 
had tin* usual anle-rior ]K.)sitioii, are' not pres(;rv(3d. 'i’lie measurememt 
is L'd milUm. from the* ]ir(‘/.\ gapojiliysis to the p<>stzygapo[>h\ si.s, and 
about 17 millim. trom si(h* to side ewer tln^ zygapophysial facets, 
while the least side-to-side measurement in the*, median constriction 
is S millim. The one verlolira wliicdi i.s parlly fr«‘e*. though badly 
pn'sers'cd, shows the neural arch to liave; he*en gre'.itjy de^pressed, so 
tliat the hedght from tin* liase of the ejeiiirum to the* zyga])0]>hy.sis is 
alaml io miliini.. and thi- is ap]»ai'cn{]y also about the lemgth of the* 
centrum, 'flie left side- of the centrum is suhejuaelratc ami concaveg 
with a Muall circular fa(’(‘t for the dia]M)physis eexterriaj to and 
im])r<‘.sscd iinme'diately below Jind behind the pre/ygapeiphysial facet. 
TIu'reMs no trace* of a tubercle*, such as is se‘cn in Crocodiles; tliougli 
the parapO]ih\ sis has the usual oldong form, compressed from above 
downward, and, though quite on flic liase ed' tlie:* side* of the* centrum, 
is further distaid from it s antr‘rior border than in existing Crocodiles. 
The under ^urface of the-* eentrum is too imjierfoclly jireservcd to 
indicate.* wliether a liyjiapophysis was develoiK'd : hut the* <*imirgi- 
iiation of the undersides of the bas<*s of the ])ura]K>]»hvHial tuherclt*.s 
defines a constricte^d base 1 o the centrum whicli is not seen in (‘xistiiig 
Crocodiles. 

Seven dorsal vertebra* e.-*xtend in Continuous se^ejueiico, and their 
centrums appear to increase slightly in h3ngth they extend back- 
ward. All are marked by the obliquity of the cup and ball, whicli 
is rather more pronounced than in existing CTocodilos ; but as the 
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interior margin of the cnp is in every case worn, the obliquity appears 
greater than it was in life. Each centrum is about 19 raillim. long ; 
the articular ball is well rounded. The form of the centrum is 
compressed from side to side below, with the base rounded, ^be 
sides are concave, without any thickening of the bone in the position 
where, the neurocentral suture is usually present. The transverse 
processes are broken, but enough remains to show that the usual 
posterior concave incision existed between the transverse process 
and the postzygapophysis. From the hinder margin of the transverse 
process a sharp ridge descends in a concave curve as it extends 
backward to the outer border of the articular bjill. Posterior 
to this ridge the bone of the neural arch is impressed, and ascends 
to the postzygapophysis. The underside of the transverse process 
(fig. 8, /,) which was compressed from above downward in the usual 
way , appears to have been convex at its base. From both tlic anterior 
and posterior zygapophyses well-defined compressed rounded ridges 
ascend and converge, as they extend inward towards the neural 
spine. Between these ridges is a concave recess with a flat base, 
forming the inward (('rmination of the upperside of the transverse 
process. The height from the base of the centrum to the transverse 
process is grcfit,(ir in the anterior vertebrae of the series than in 
the later ones, hi the third it is 15 niillim. ; tow^ards the end it is 
Hcarcdy more than a (umtimetre. The neural spines arc' wdl 
dcvelopiHl ; tlu'v ascend vertically in the anterior vertebra' and 
are inclined slightly forward in the later ones. The height from the 
base of the (Haitrum to tlu' Huinniii of the neural s[)inc is about M.T 
millim. The widtais a little towards its suinniit, which is 

convex from front to ])ack ; its anterior and posterior margins 
are slightly concave. 

A luml»ar centTum is jireseiit, and exhibits a ratluT narrow neural 
canal. 

The sacral veiicdira^ are iniperioctly presented ; there witc 
probably two. From tlu‘ second the transverse ])rocesses are 
completely lost, hut the first, shows these ])roocsses to have hocn 
quadrat e and strong. As in exivsting Crocodiles, they are concave in 
front, fiattenod above, and, juj they ex tmid outward, depressed below 
the prezygupopbyses. ITie transverse im'asurement across the 
processes, as preserved, is 25 millim. 

The vertebral characters described .show divergences from existing 
Crocodilia, such as on the whole are approximations towards Drfio- 
saurian types of W'eaklen agt‘, a condition of more interest from 
the Crocodiles of the Cosau beds having shown some approxima- 
tions in vertebral characters to the Cosau Binosaurs. 

A few isolated vertidua' of similar oharacter were (‘ollected by 
Dr. Mantell, from Tilgato, and from Hrook in the Isle of Wight. A 
small caudal vertebra from Tilgate has the base of the centrum 
compressed from side to side and rounded, with a concave impression 
above the middle of the side, immediately beneath the transverse 
process. The prezygapophysis is long and directed upward and 
outward. The articular cup is perfectly circular. The centrum is 
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13 xnillim. long. Another Tilgate caudal vertebra, later in the seriea, 
is about 15 millim. long. It possessed the transverse process and 
well-developed procoelian articulation ; but the neural arch is greatly 
shortened and limited to the middle of. the centrum, as in some 
Dinosaurs. The procoelian vertebrm of similar size are from Brook. 
The specimen 3(>524, however, has the centrum as well rounded 
from side to side as in existing Crocodiles, and is not referable to 
this genus. 

It may bo interesting to remark that although this is the oldest 
procoelian Crocodile hitherto described, the British Museum contains 
a single cervical vortebru, no. 48244, from the Purbeck b(‘ds, which 
has a well-defined proccclian enp, ami the cervical neural arch is 
(ionstrnetod on the usual crocodilian plan. 

The existence of this form of vertebra in the Thirbeck bods 
accentuates the apparent dilhTcnce of the (“crvicnl artic'ulntion for 
tho rib in the AVcaldon speeiraen, a dificrence suffiodontly remarkable 
to make more striking modifications of the skull arid pelvis not 
impossible. 

T am indebted to Dr. Heniy AVondward, F.B.S., for tlie facilities 
afforded mo in studying and describing this specimen. 

l^XPLANATION OV KIGUBKS. 

Plxtk XIT. 

7i,% neural spine; i ran.sversc jiroeess. 

Fip. 7. Slab, eiuming sequence of dorsal vertebrtc of Ihfrrosvchufi vahhvtiifi 
Seeley. 

8. View ot' tbe sanie slab, showing the underside of Ibe centrums of the 
dorsal vertebra?. 
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19, On pATKJco.sATTiiiTH MEKocRATUH, Sechtf^ a LfZARD from the Cam- 
BiauGR Gkeenhano, in the ardian Museum 

of the IlKJVEJisiTy of ()ambuti>«e. By H. 0. Sbelky, F.B.S., 
F.G.S., Pr(>fos.s()r of (jlco^^raplij in Kin/^'s College, ]jondon. 
(Road March 9, JcS87. ) 

[Plate Xll.j 

No lacertiliaii has hitherto hoen recorded from the CMmhridge 
Greensand. The comparative rarity of this group of animals in llie 
deposit, is (evidenced by the fact that only two fragments of lizard- 
bones are Uiiowii to me to have ]»een found during tin' whoh^ period 
in -whicii its fossils have bt'on eoll(‘cted. One of these is a sacral 
vertebra with tlie transverse process(‘H ])rok(!n away, whi(di was, I 
])elicve, eollect(-d l)y the Itev. Jl. (i. Day prior to I SoJ). The oilier 
is th(! proximal end of a ftanur obtained recently by Mr, A. F. 
(irifHth. flight as is the material, it is wort h re<'ording as cwidence 
of a lern'stTial aiiimid of a relatively large siz(^, and more, nearly 
allied to existing lizards than are lh(^ other (hutaeeous rejiresenta- 
tivos of this order of animals. 

ItKiriT Femci; (PI. XI 1. (Igs. !), lo). 

lln* proximal end of tln^ right b nmr now deserilu'd is larger than 
th(^ eorr('S|K)n(ling bone in the larg(‘sl existing .Monitor. It Avas 
niubrtui lately fmet iired. snhs(‘.(jneiitly t«> being mineralized, at. a 
point hehiw tlu^ articular head, just wIk ii' the shaft heconu'S trian- 
gular, so that th<' hmgtli of tln^ horn* and its distal charac-itTs arc 
entirely eonjeciuial. Tin' shaft consist^ of th'iise hony tissm*, a> in 
(‘xisting liza-rds, with a small medullary eavity. The fragment re 
uhout Jl eentiin. long. It has tin* eliaraeleristic vertical eom])rcssion 
and forward eiirvalnre of the eonve.x artienlar he.id, ami the usual 
front-to-haek com})r('ssion of the inferior t rochaiilei', Avliieh, however, 
extends further ju’oximally than in existing lizards. The fragment 
has experitaiced a litth* attrition, and a thin t'xternal epiphysial 
layer of bone is partly removed from the proximal articular surface — 
a charact(;r of some inten'st as r(*]>eating tlu* ej>i])hy.sial growth 
Avhieh is often seen in e.visting lizards, ]>nt in a form no thiekf'r than 
in the liinh-bom‘s of some bret'ds of domestic fowls, like Bramaire, 
wdien a w'eek or two old. 

The proximal articular siii iaee is semieireular from front to bacdv ; 
it is licentim. Avide. its superior outline, viewed from the proximal 
end, is eomiua-sha]>ed, being a eeiitiinetre wide in fnmt, andl>ecoming 
uarroAver as it exltmds backward. From above doAvruA'ard the 
articulation is convex, about ll^ inillim. thick in the middle, and 
narroAving aAvay behind. The convexity of the anterior part of the 
smootii rounded articular head is suggestiA C of the limb haA'iug been 
carried in a position well mised from the ground. The axis of the 
articular head of the bone is directed inward and very ^lightly 
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upward. The superior aspect of the shaft, which the articulation 
terminates, is concave ; and the concavity runs into the middle of 
the articulation to p^ive it its crescentic or comm:i-sha]ied form (fig. 9), 
In the Nilotic Monitor this depression receives a taloii-like spur from 
the proximal epiphysis. The anterior margiii of the bone below 
the articular head is concave as it extends distally, but the pos- 
terior margin oi the superior aspect of the sliafi- was thicker, tro- 
chanteroid, and prolmhly convex in length; though, being a little 
abraded, it can only be seen to widen and intlate tlie l>one below 
and btdiind the articulation. As already remarked, the shaft is tri- 
angular ; and I am disj>osed to term tlie t)tlier two sides of the bone 
anterior and posterior, as iliey lie in front «)f or behind the inferior or 
great troeba liter. At its iVactim* the shaft uu'asures one eontirn. 
from above downwards, and 1) inillinn from side to sidi* ; the outline 
is Hat above and ])e;hind, more eoiivex and wider at tlie inlorior tro- 
chanteric margin than at tlie other angles. 

Tlie great trochanteric ridge extends Jongilndinally on the middle 
of the underside (tig. 10), converging rapiilly down ward to the shaft, 
and is vortical to the superior aspect of the shaft, like tlu^ st.tun of a 
capital T ; the thickness through tin? bone at its pioxirnal termi- 
nation is about 17 millim., though the sujierior proximal oxiiansiou 
of the articular surface increases the thickness of thci bone to about 
22 millim. This charac'tcTistie lacertilian troctbanleric process ex- 
tends to within nearly a centimedre of thci ]>roxinuil extremity of 
the bone ; it is concave in length, curving forward proxirnally, is 
about (.» millim. thick, and somewhat flattened below, with the 
anterior margin rounded. 

The anterior aspect of the bonc^ is concave, so that the constriction 
of this side, combined with the concavity of the superior surface, gives 
a well-didinod character to the articular head, almost, like a m^ck, if 
it were not that those sides coim^rgc^ anteriorly t o form a sharp ridge 
which unites them, and becomes flattened as it cxtimds down the 
shaft. There is a mark of strong muscular attachment, of which a 
centimetre is preserved, which commences one cenlimclrc })clc)w the 
trochanteroid ridge, on the inferior Imrder of its antiTior a.spect. 

The posterior asj)ect of the bone can only ho d(.‘scribod as saddlc- 
sha}K‘d, being convex in length and channelled with a wide;, smooth, 
concave de]>ressiou, which lies between the inferior and sujierior 
trochanters, and curves forxvard beneath the articular head. The 
wddth across the trochanters, where greatest, is 18 millim. There 
is a. small ])it about millim. in diameter, which lies immediately 
behind and below ibe ]»osterior troclian toroid margin, so as to be 
between that process and the narrow termination of the articulation 
of the proximal articular surface. Owing to the jiosterior thickening 
of the lateral margin of tin? great trochanter, its inferior border is 
wider than the part vi'liich rises from the head. 

There is no existing lacertilian which this fossil closely resembles. 
Compared with the Monitor, the more striking diflerences are that 
the fossil has the articular surface more developed on the upper and 
anterior parts of the head, so as to form a deep concavity in the 
Q.J.G.8. No. 170. a 
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middle of the superior aspect. Secondly, the great trochanter ex- 
tends further proximally, but is not developed to <^uito the same depth 
diHiully. The weli-Tnarked longitudinal ])Ofiterior concavity defined 
by the reflected ]K)sierior margin of Ihe trochanter is also a distinctive 
feature. The comparatively t.bi!i pr(»xinuil ('pipbysis seems to mark 
the la^ginning of a (jondition of the extnnnities which has attained 
greater d<welo])Tnent in modern lizards. Y'ct th(i oonfignration of 
the bone is in no sonsf^ embryonic or inclicalivt* of im])erfect ossifi- 
cation, but rather shows that the modern lizards have (livei'ged from 
this ancient so far that it is likidv 1o belong rather to a sub- 
ordinal modification than to an extinct family. 

FjJ{ST HaCIIAL VKItTFJUiA (PI. XI 1. tigs. 11, 12). 

It is im])OHsil)le to say that the v(iHel>ra whicli is now to bo 
described j»er1ained to the sanie speci<‘s as the femur, for tliore is 
no record of the exact locality in Iho neighhourhood of (’ambridge 
from Avbicb tin* specimens Avere oblained ; but since there is nothing 
inconsistetit with natural assoeiation iii the ebaracUM'isticB of the 
two bones, and the sficrum, while conforming tc‘ the general ])lan of 
existing lizards, yet ditfers from them in notable <*baraeteristie8 of 
the neural arch, I hav(‘ not- hesitated tf» descrilK^ tlu'in as ])robably 
the remains of tlu' saim* sp(‘cies. 

The fossil consists of the first sacral vert (‘bra madi* up of the 
com]det(‘ (^-entniin, tin' mairnl arch, Avbieb has lost tln^ neural spine, 
and the prezygapo]>hyses ; and the •transverse j>roeesses which are 
fraelurt'd tbro\igh the middle wi'.re ]»robahly comph'tc when the 
spCi'imtm W'as dlscoveivd. 'i'hese ]iaris are united t(‘gether by eo?}- 
spieuous sutuiHjs (tig. 1 1 ). 

The cA^ntrum is (h'])it‘Hs<‘d, 11 millim. long and 14 milliin. wid(g to 
the sutures Avith IIk' sacral ribs, w’hieli iofiii <juadr:ite tiaiisverso 
pr(>cess(‘s. 'riie inf rior surlace is eom-aA't^ in length and convex 
from side to sidt‘ in tin* middle, iMToming de]»rt'ssed laterally and 
constricted ])ostonoily from side to side, so tlial behind the trans- 
verse processes the boim narrows toAvards the ])ostorior surface to a 
width of 0 railliui. 

The antA>nor artitadar cup is about 1 1 millim. wide and 7 millim. 
dee]), transAxrsely reiiiform, Avitli a concavity aboAo impressed by the 
neural canal, tmd the ctAnvcxitA beloAv. It may have been slightly 
de(‘])cr, since the inferior margin is AA oni. It is moderately concaAc 
from side to side' and from .aboA t* dow'iiAvard, ami shows in tlu' middle 
a small notochordal ]>it. Tin' ])ostcrior articular surfaf'c is miich 
smallci’ and, though not perfectly }ucsorved, may ho descrilx^d as 
semicircular, 0 millim. Avidc and nearly o millim. deep, very slightly 
convex from side to side, hut on the w hole flattened, with a small 
central notochordal pit. 

The neural arch is shar])ly defined by the sutures w^hich separate 
it from the transverse ]»roeesses ; but the suture which diAudes it 
from the centrum placed at the summit of the anterior articular 
cup is only seen on the right side. The width of the neural arch 
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is 13 millim., but rather more dorsally, and slightly lees on the 
centrum as the sutures with the transverse processes diverge upward. 
The prezTgapophysos are broken away, but the width across them 
from side to side >\'as about 9 inillim. Behind the transverse pro- 
cesses the bone, is notched in, so that the neural plnttorm projects 
backward to form the post7y'gaj)ophysos, and the lueasurement is a 
little less over them from side tt) side tlian over the ])re/,yga]>oj*hy8es. 
The dorsal as})eet of the neural areti is the most distine(iv(‘ f('o,lure 
of tin* specimen, each half of it being horizontal and llat toned, witli 
a depression at the base oi'tlie neural spine, \vlii<*h was narrow and 
is brokfUi away. There is no trace of zyg.ipop.iy.^ia] ridges such as 
occur in Viirant^fi and some f'th(‘r lizards. Tin* tu'ural canal is ver- 
tically ovate in front, and reaches nouily the iii-ight of tin* in*urd 
arL’h. 7 millira., while the transverse* measiircinenl is (oci* a inillim. 

The ti'ansverse ])ro(*(‘sses are dinu^teel ontwani and backward as 
in the lirst vertebra of existing li/.artls ( tig. I iM. I hey an^ e()iiipress(*d 
from sid(‘. to side and from abi>ve downward, so that the taansverso 
section is vertically oblong and inclined a litth* backward. The 
process extends fnmi the base of the centrum to tin* plat ibrra of the 
neural arch, and is 1 I inillim. deep at the suture. It is 8 millim. 
wide at tlie bas(‘ and 5 millim. wide at tin* neural jdfitlorm, so that 
the dattt'iied anterior aspects look ol)ii(pi(‘ly forward, outward, and 
u])wavd. 'idle posterior asjiect is vertical, with a transv(*rse concavity 
in the middle, d'ho iiosbudor margins of tlu^ ]>roc(‘ss('R !j]>)>ear to 
have bi^en sharp and angular, while the anterior margins are slightly 
rounded. Both n]>])er and undersurfaces are flat toned and converge 
outward. The width of the fragment, as }>re8(‘rve(l. is L!4 rniilim. 

The most distinctive features of this v(a’to]>ra are found in the 
convexity of the base of the centrum, and in tlie transverse ])ro- 
cesses rising to Ihe level of the llattened nimral platform. 

1 am acrpiaintcd with no form of sacrum which aj)])roximate3 
toward this fossil so as to need to be distinguished by further 
comiiarison. 


EXPLANATION OF FIGURES. 

PJ.ATE XII. 

(The figures are of the natural size.) 

Fig. 9. Antero-superior aspect of femur of Vatricosaurm nierocratus. 

10, Proximal aspect of the same bone. 

11. Anterior aspect, of first sacral vertebra. 

llJ. Inferior aspect (;f first sacral vertebra. 

Discussion. 

Mr. Hulke said Oniithodtamutt wms another old acquaintance of 
his. Several bones were lound witli it, now lost. He had locked 
upon it as Ptorodactylian, 

Mr. Blaneord suggested that the name Pairieomurus should bo 
founded on one specimen, not on the two, lost they should prove to 
belong to distinct animals, and confusion result as to w*hich should 
bear the name. 
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Prof. Seelkt Bald that out of many thousands of bones from the 
Cambridge Greensand that had passed through his hands these were 
the only fragments of Lizards. He thought no others were likely 
to bo found for some time, and there was little chance of any re- 
mains of two Lizards occurring. If, however, one bone were to be 
selected as the type, he would take the femur, to which the specific 
name referred. 

With regard to Ornithodemius^ he said that it differs from all 
Ornithosanrs in having a horizontal neural platform running through 
the sacrum, and from which a continuous neural spinous ridge rises. 
The transverse* jirocosscK and pneumatic foramina did not tend to 
a] (proximate tlu* two groups ; while, so far as he was aware, the 
Wcahlen Ornithosaurs had the ventral side of the sacrum much 
mc)](? convex from side to side. He further pointed out tliat the 
texture and form of the sacral vertebrai differed from those of known 
Pterod.'ictyles, 
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20. On Ahistosuchos pusillub { Owen \ beimj Fobtebr Notes on the 
Fossils described by Sir R. Owek ccs Poikilopleitron ptrsiLLtrs, 
* Owen , By H. G. Seeley, F.R,S., F.G.S., Professor of Geo- 
graphy in King’s College, London. (Read March 9, 1887.) 

[PlATKXIJ.j 

The Palaeontographical Society in 1S70 published a ineinoir u])on a 
Wealden fossil, which Sir Richard Owen described as Poiin/oplenron 
usd Ins, These bones were then in the collection of the Rov. W. 
Darwin Fox, and, with the exception of the ligured dorsal and 
caudal vertebrie, subsequent h' passed into the. British Museum, with 
tho Fox Collection. By the kindness of Dr. Henry Woodward, 
F.R.S., Keeper of the Geological Dtqiarlinent, 1 liave been abl(» to 
examine these remains, and I would express my itulebtediu^ss for 
the facilities given me in making the st a:ly of which tlu^ results 
follow. 

A qiH‘stioTi necessarily arises as to tlu^ ground.^ on which tho animal 
Is reibrr(‘d to tho genus Polhiloplrunm (recte PorHoplenruin)^ la'caiise 
these are stated to be 'Hhe shap(* and texture of tlie vertehric, and 
especially the l.attcr.*’ 'f his statement inijdies tied wlnai a <lorsal ver- 
tebra was divifled vertically and longitudinally, it was ibuud to have a 
meilullarv cavity, <‘.umparabl(‘ to that seen ia t he vrrtelo'ie of PoUeiU}^ 
jdan'OH. In tlie caudal vtu’tehra t ho cavity is larg<T. Dr. Deidy, who 
has reconh‘d a vc^rtebra of th(‘ Poil'ifopfvuri>‘t~\\\ic in llu' ('retaceous 
rocks of Culor.ido, remarks that an inleriial cavity of likt3 oliai’acter 
w;i.s only kmnvn to him in the (‘.audal vertelme of the Ox ; but it is 
})ro])ably not rare among Diiio.saurian reptiles. 31 r. Halke lias shown 
that the ehaiautter is also toiind in M<y<(/os((Krtfs, and ollter g(aicra 
with hollow vertt^hne have been described by Profs. Marsh and 
Cope. WhaUw’er tho value of this character may he, 1 submit tliat 
it is not generic, .wliile there is no evidence which would associate 
auy grouj) of osteological characlers with chambered vertehne 
of this type, 

Mr. llulke has advanced some evidence to show that Polk do- 
plearon is Mefalosnora.^^ and it will be admitted that the consj- 
spoiideiK'C in form and character of the caudal vortchrm, and in the 
distill end of the tibia in these t>olitic Dinosaurs, if insnffici(;nt to 
establisli rtb.soluto identity, at least proves a close athiiity between 
them. And Ihorefore the conclusion is legitimate that the re- 
semblances found ill the tail extend substantialh' to the sacrum, and 
that the same type of vSacruni is found in PoiAilopIrunm as in Me^/a- 
hsnurus. When examining the validity of the Poikdopleuron 

Mr. llulke did not discuss the sacrum, whi(*h constitutes the chief 
part of the evidence for tho species Folk do plan ron pmdlus. 

It Sir Richard Owen is correct in his description of the sacrum of 
that fossil in referring only two vertebrae to the sacral region, and 
if the sacrum of Meyalosaavxis consists of five anchylosed vertcbrie, 



222 


PKOF. H. G. SEELEY ON ARIBTOSXJCHES PTT8ILLTT8. 


it is manifest, I submit, that the Poilcilopleuron pudllus and Mega-- 
lomity'us Bw'Mandi belong to two dissimilar genera. But the 
attem])tcd alfiliation of the Wealderi fossil, now under discussion, 
to the genus PoUnloplf'uron does not establish the sacral characters 
of the genus Poi/nlojdetironf or furnish any ground for associating 
the genus with the (Jrocodilia. The characters assigned to this 
fossil would rather go to show that it belongs to a genus which can 
have no near affinity to Follilopleuron. In his lieport on 1 British 
Fossil lleptiles, Sir K. Owen fully described the characters of the 
sacrum of Megalomurm, and he there points out that the neural 
arch is shifted in position, so that it overlaps the centrums of two 
contiguous vertebra}, as in the Ostrich and other birds and some 
Chelonians, so as to cause the perforation for the sacral nerve to be 
placed above the middle of the -centrum, and that the sacral ribs 
fire given off transversely at the junction of the bodies of the ver- 
tebrae. Wlicn the fossil nQ.mcd Poikihplenron pusillus is examined, 
both these conditions of the Dinosaurian sacrum are found to be 
wanting. Each sacral centrum supports its own neural arch, the 
neural foramen lias the same relative position as in other parts of 
the vertebral coluwn : and the sacral ribs are given off from the 
bodies of the vortebiw, and not from the suture between them. It 
is therefore evident that the fossil is far removed from Megalosaurus, 
and inferentially from Poikilophuron, As it differs in fundamental 
characters from known Dinosaurs, while there are strong reasons 
for believing it to bo Dinosaurian, 1 regard it as the type of a new 
genus, AristosueJms. 

8ir E. Owen has figured some bones which were associated wuth 
this sacrum (see PI. Xll. fig. 14). There is a median symmetrical 
bone, to which are attached jiortions of a pair of rib-like bones, on 
which the author observes, “ the nearest guess I can make as to 
their nature is that they represent part of the series of abdominal ribs 
with their sternum.” These remains 1 regard as the pubes. 

An ungual phalanx is figured on the same plate, and briefly 
described as being “ of the rapacious type.” This fossil I think 
should probably be reiected, as not being a portion of tlie same 
animal, for it shows all the characters of a claw-i)li:ilaiige from the 
fore limb of an ( )rnithosanr, though it may h(} observ('d that in 
Ladaps the claw-phalanges arc as mm!h n)mj>ressed from side to 
side. A\itb these difierences in the intcTprotation of the remains a 
now^ description of their eharncters becomes a necessity. 

I will first examine the ]mhi<} hones and assume, as Sir E. Owen 
has done, tliat thesi' bones arc in natural association w'ith the 
sacrum, with which lluw are still cdosely connected by matrix, 
though tliev are displaced and are twisted round, so that the anterior 
border is directed post<*iiorly. 

The puluc bone is imju'rfect proximally, ;md the ex])anded portion 
which iiniled wdth the ischium and ilium is lost. The pails pre- 
served are the anteriorly directed, distally extended, rod-iike parts 
of the pubes, which converge towards their distal extremities, where 
they merge in a horizontal posterior extension capable of assisting 
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in the support i>t‘ the weight of the body when at rest. This typo 
of pubis, which Professor Marsh has described in AUosaanis and 
umurusl has not hitherto been detected in this country, but may be 
present in the Woalden rocks in other species ; for while studying 
this speeiincri, Dr. Henry Woodward submitted to rao the pubis» 
imperf(*ct distally, of a type very similar to from Tilgate. 

This corroboration is the more interesting as the Sussex typo of 
animal shows the proximal end of the bone. 

The pubes are somew'hat crushed together (fig. 14, />) ; I accord- 
ino^ly dre>v the anterior aspect of one of the bones in its natural 
position, and repeated it, reversed, on the opposite side, so as to 
reproduce the form which the pubic bones show when seen from 
the front (see woodcut below), with the result that a close general 
resemblance was established to the pubis which Marsh has referred 
to Ocehrrus ; and without attaching too much taxonomic impoHance 
to this fact, it establishes the interest of the fossil, in being a 
European representative of an American type. 



}irt})»‘C’t of pubift bones (A' yiriif/<mtc/nfN I’ostored. ^ iiat. fii/c*. 
a. Uiiushified c.vtreinity of the ventral keel. 

The i)art of the ])uhic bone preserved in this specimen extends 
distally for K3 cenlimtdrcs. Where the hones converge distally 
they unite at an angle of about GO^ with the posterior extension 
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which extends like the metal of an adze from the haft. Where the 
hones arc fractured proxirnally they are compressed from side to 
siclti, and extend u]>w'ard with a slight sigmoid curve inward, which 
is coinjdeted distally ])y the convergence of the hones. At the 
proximal frjicture tljo hone measures 12 millimetres in the antero- 
posterior direction, and 0 millimetres from within outward, with 
the borders rounded in front and hehind, but a linear muscular 
furrow ascends the inner ])Ostcrior border of the bone. As tluA^one 
expands a little in antero-])osterior exteiif as it extends proximally 
it curves a little forward, making the anterior border of the proximal 
end of the hone slightly concave, and the posterior border very 
slightly convex. All tlie middle ])ortioTi of the bone ])reserves about 
th(' same ant(?ro-]K)storior moasuroment ol* 8 millimetres ; but dis- 
tally th(‘ nu'asnrcment increases by an exjjansion which is chiefly 
behind the median axis of the hone, till at its line of junction with 
tli(‘ i)osterior distal t“X])5msion its width is 2*5 centimetres, 

Idle middle of the shaft is well-ruuruh^d externally, hut as the 
bone widc'iis distally this external surface begins to be Hattened till 
it merges in tln^ flat distal ])os1eriur exjiansiou. l>ut the middle of 
th(5 shaft, is compressed from front to hack, so as to form a sharp 
internal edge, and here the measiiretnent from within outward is 
18 millinudros. This sharp internal ridge is 0 centimetres long and 
paiallel to the external outline. In this n^gion of the bone the 
anterior face is convex from within outward, while in length there 
is a very slight cornexity. The interior asjiect is flattened. 

Distally fora length of fully 3 centimetres the hone is compressed 
from within outward. Anteriorly something of the distal termina- 
tion may be lost, but, the mass preserved extends jiosterioriy for l)*8 
centimetres, with a perfectly stiuight flat base, which is 1*5 centi- 
metres wide in front, and narrows posteriorly to a few millimetres. 
A median groove deepening in front extends along the anterior end 
of the base for 8*5 ccailimetres. The lateral surfaces of this])osterior 
keel are slightly concave ; they converge n 2 )ward to a sharj) keel, 
which has a gently convex contour, as it tapers ])osteriorly to a 
blunt point ; its de]>tli near the shaft is 2 ceiitiinelros. 

Both the ])uhic bout's are slightly disi)lacod distally, where they 
unite -with this keel, and these junctions, which art* not quite sym- 
metrical, have been ri'gardod l*y Sir U. Owen as sutures. The 
point is diflicult. d’hc anterior extremity of the bone war certainly 
cartilaginous, and the anterior extremities of the pubes are exposed, 
distinct from each other, and distinct from the keel; but this is 
hardly conclusive evidence of sc'parate ossification, which is not 
imi)rohal)le. I’roximally a small fragment of a thinner bone is 
soon, i>osterior in i>osition, which may have belonged to the ischium. 

The only animals with which this form of pubis can be compared 
have been dc'sorihed by ITof. 'Marsh as CoJurus, with wdiich genus 
Prof. Marsh idt'iitifios the s 2 )ecimen now described'^. So far as I 
can judge from the figures given by Marsh, it is simply proved to 
be closely related to Aliosaurus, Cahirmy and CeratosauruSy and 
* American Journal of Science, vol. xxvii. p. 335 (April 1884). 



PROP. il. <i. SEKLBY ON A.RI8T0SUCHCS PUSTLI.UB. 


225 


though I may think the resemblance strongest with Ccelums and 
Afhsanras/il may be equally strong with Cirafosaunis. But when 
Brof. Marsh reiVrs j3elvic structures so similar as the pubes of 
Allosaurtfs aud (/('ratosaiu'u6' to distinct suborders of the Dinosuuria, 
i can only coiu liido, if tliese rofcTcnces are correctly made aud 
sustaiiieci, that the pubis is not always a bone on which a generic 
idontitication can be based, especially when it is iinperfoet proxi- 
iiiaily. I should not thus have ventured to question Prof. Marsh's 
reierein e of this ])ubis to a genus of his own creation were it not 
that tliere is wliat 1 I’C'gard as strong ground for b(‘lit‘viiig tliat tlio 
sacrum assoeiatod with the pubis, no less than the dorsal vm*tebra 
tigurod by Sir R. Owen, belong to a genus which can be but 
distantly related to Culurus, 

Sir R. Owen, in roi)re3enting the vertical section of the dorsal 
vertebra, shows that the centrum is formed of the same kind of 
tissue, and ossiliial in tlie same way as the vertebral of Dinosaursi 
ill general, except that a fusiform longitudinal s}>aco is enclosed 
which gives no indication of being ])neumalie, and ap])ears to iqieri 
into the neural canal. >iow, in Ctihtrus^ 1‘rof. Marsh has detinod 
a genus which, in tlio constniciion of its axial skeleton, can only bo 
compared to Ornitliosaurs, having the bones invested with a thin 
film of bone-tissno of uniform thickness and distinctive peculiar 
texture. This character is as well demonstrated in ^larsh's section 
of a dorsal vertebra as in tlio corvica'l region. Therefore the dorsal 
vertebric of Anstosuchus cannot be referred to Cidurm, Moroovor 
the mode of attachment of the ribs is dissimilar. And hence 1 
submit, as the sacrum of Caelurns is unknown, there is no reason to 
suiqiose that it would be at all like the sacrum of Aristosuchus^ 
which I now describe. 

There arc five vertebrao in the sacrum completely anchylosed 
together by their neural arches (fig. Rl), and either anchylosed or in 
process of anchylosis by their centrums. Sir R. Owen regards the 
two posterior vertobrue as sacral, and the three anterior vertebrm as 
luinliar. Here the difTerence of intoqirctatioii must be adjusted by 
the delinitiou of the sacrum which is adopted. If the sacral vertebroD 
are those from which strong sacral ribs are given off for support of 
tlio ilium, then no doubt only two such vertebral can be counted, 
and the other three vertebral in which the ilium is more or less 
supported on transverse ])rocesses given off from the neural arch 
may bo termed saero -lumbar vertebral. This, however, involves 
theoretical considerations which cannot be demonstrated, for it is 
impossible to say how many sacral nerves united into a sacral 
plexus. And as all the transverse processes liave th(^ same tians- 
vorse deve]o]>inent (fig. t)^ and tlio anchylosis of the vertebra) 
shows that they took part in sujipoi'ting the body, I adhere to the 
old nomenclature, and regard all the vertebrre wliii^b sup]>orted the 
ilium as sacral. I believe the anterior vertebra) also contributed to 
support the pelvic bones, though their share in the work was less 
than that of the last two. 

There is a fundamental difference in the plan of structure of the 
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sacrum and that of most other British Wealdeii reptiles ; for while 
l.he transverse processes or sacral ribs in lyuanodon^ HylfeoscmruSy 
Megalosaurus^ &e. are given off at the junction of the centrums, the 
transverse processes arc Itere, as Sir K. Owen's figure shows, given 
off from the indiviflnal vertehr;e to whicli th(?y heloiig (Hg. 1-1), as 
in the American genera descri})erl by Marsh, such as Moros/furus, 
Ajxitomurtis^ Allantosanras, Iironfos((uruH, &c., and as 

in Onwsaurait. 

The fiv(^ sacral vertebrae measure 12 centimetres. The first two 
(fig. 14, 1 , 2 ) are very slightly longer than the succeeding three. The 
bodies of tin; vertehrm are constricted from sid(* to side;, so that tliough 
the flat transversoly ovate articular fac<}of the first vertebra measures 
2*2 centiiindres wide by 1*8 c;entiinetre dotrj), the transverse mea- 
surenuiut through th<» middle of the centrum is only 7 or S milli- 
metres. The I'orni of the centrum is thus almost Teleosaurian in 
\t8 constriction. The second centrum has a slight tendency to be 
flattened on the ventral side, which is less marktul in the third, 
while th(^ fourth a]»[)i‘ars to carry a slight median ridgcj. The 
parallel ligamentous striations seen on the anterior border of the 
first vertebra are inxiossarily absent froiu the suhcrcnnihde junc- 
tions of the Hiicee(‘ding vertebra). 

The inniral spine is v(tv tliiii and is broken away in ('V(*ry spe- 
cinieii (fig. Ill, ns), so that the greatest height from the base of the 
cent rum, ms preserved, is only Iko centimetres. The third and fourth 
vertebne dev<‘lop additional lahTal spines, one on each side of the 
median v(‘rtical neural s])iiie, and these spinous processes directed 
outward and upward, ttunied meta])o])hys('s (fig. 12», /// ), eoiTesiU)nd to 
those seen in the hituhar and caudal vert ebrje of many mammals ami 
the suer urn «>1' .l/ryo/osvnov/.s-. Mela]) 0 ])hyses an^ indicated on tho 
second v<'rtt'ln*ji by long blunt ridges, and on the lifth vertebra by 
short- ridges whi<’h almost lubereles. 

The transverse i)r<>e(^ss from the first sacral vertebra (fig. 14, i) is 
given off from the sides of t he neural arch, {ind is directed obliquely 
upward and backward, tenninatiiig out ward in a narrow vertically 
compressed process of a wedge sha})e, cv nstricted in the middle, 
flattened behind, sharj) in front, concave below, and convex above, 
with a strong tubercle in the middle of the upper surface. 

The trausverso measurement between the extremities of the pro- 
cesses is 38 millimetres. The antero-posterior extension of tho 
process along its outer border is 12 millimetres, and tho coiTesf)ond- 
ing measurement at tln^ middle of tho constriction of its sides is 7 
millimetres. 

The transverse process of the second vertebra is in the anterior 
half of the vertebra, has a strong base posteriorly, and forms a ver- 
tically elongated, somewhat fialtoiied, artieiilatod surface, which is 
1*9 coiitimetre deep in front, where the vertical border is concave, 
and 1*1 coutimotre deep behind, so that the upper and lower sur- 
faces converge posteriorly (fig. 14, i'). Its antcro-|x)sterior extent is 
1 centimetre. The articular surface is irregular in contour, well 
defined, and does not extend to quite the same upward elevation as 
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the first process. Its upper aspect is angular, with an oblique ridge 
extending outward and forward to its superior angle. 

The ti ansverse process of the third vertebra is on a level with the 
neural canal and has a strong hase. It is 1:2 or millimetres long, 
is in the midille ul“ the ler.gth of the vertebra, and forms a vertically 
cumprcs.scd lamina ^tig. 14, ;;). It is slightly convex hi'low and flat- 
tened above, with a shaiq) ridge on its anterior margin, wliich extends 
obliquely inward and backward, and ascends tin* side of the meta- 
jiophysis, inclined obliquely backward. 

In the fourth vertebra tb<^ transverse process is much stronger. 
It arises from the antoi iiu' half of tlie cent rum, and like t he pr(>(?eHH 
from the preceding vertebra is j^artly on the eentniin and j)artly on 
the neural arch. It is elongated in the antero-]>osterior direction, 
subreiiiform on the urtienlar facet, whicli is (‘X]>anded, and tlattened 
and eoiivex bebov, 17 millimetres long, about S milliimlns (k‘ep 
behimi, !ind less in front (tig. 14, 4 ). A strung transverse ridge on 
t he iiinder part ol‘ the upper surface dtdines aii anterior concave area, 
and ascends liie middle of the metapophvsis. Th<‘ transverse mea- 
suremeiit between tlie faecTs for tlie ilia, as in tlu' previous vertebra, 
is about o cent iinet res. 

The ])ro( css on lliotiflb vertebra is of about the same lengt h, its 
antei‘o-postcriorext('nt, 1 7 iuilliiii(‘t res, is sliglitly greater, but it is less 
deej). it is llattcmed on the undt'iside. Tin* outline of the facet 
for tlic ilium is subtriangular, owing to the vt‘ry strong (h'vclopnumt 
of the .ridg(* on its upper surfaec. This ridg<^ extemlH obli(|uely 
for\\ard sons to detine an anteri<»r eoncavo eii]>-lik(‘ depression, and 
a posterior obli(jU(' area on wliicb is a tubercle which r«q)res(‘nts tbo 
meta[)o])bysis. On this vertebra tlie facets of the ])ostzygapopby.ses 
are developed (tig. 14, /c). The transverse measurement over them 
is 12 iriillimelres ; th(w are divided ] posteriorly by a d(*e]> vortical 
turrow wliieh ascc'uds the neural spine so far as it is ])res<‘rved. 
They iiavi* tlie usual ovate form, and look obli(juely downward and 
outward. <hily tlie margin of the jiosterior surfaet^ of the ctmirum 
is expoH<‘d. 

Tin* outlets lor the sacral nerves are throngh round foramina, 
situate between tlic centrum and the neural arch, at the junction of 
two verteluic (tig. 11./). They are seen on the Idt side in the 
st'cond vt'i'te'nia, and 011 the rigbl side in tin* third and fifth. 

The halt of ilu* ilorsal vertebra preserved has the eeiitruni 2 centi- 
metres Irmg at tlie base and 2*2 centimetres long on the neural canal, 
and this indicates that the back was arched. The articular (aids of 
the ceiilrmri are v*'ry slightly concave, with a ligamentous marking 
at the external liurder. The middle of tlie centrum is constricted 
and rounded at the base. The transverse process is tliin and given 
off above the neural canal. From tlu^ neural ]»latform an anterior 
ridge descends almost vertically, and another ridge dcscfuids obliquely 
behind it. J he height of the platform from tht; base of the cent rum 
is 2%I centimetres. The height of the centrum is 1*4 centimetre. 

Only a iragment of a caudal vertebra is ])rc«crved. It is similar 
in form to that figured by Sir K. Ow'cn, and similar to that attri- 
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buted by Marsh to OoelurvLS^ and is similarly hollow. What is the 
evidence of its association with the other remains cannot now be 
determined. The bone has a well-marked basal canal, defined at 
its extremity by the relatively largo confluent facets for the chevron 
bones, which, subtracting from the quadrate end of the bone, convert 
it into a transversoly ovate articulation. 

I conclude that this animal is distinct from every British Dinosaur, 
but that it is nearly related to some imperfectly known types, de- 
scribed by IVof. Marsli, like AUomurus. But what the nature of 
that relation may be must remain undetermined until more is known 
of the American Dinosauria. 

I^XPLANATION OP FIOBRES. 

Plate XII. 

(The figures are of the natural size.) 

Fig. l.‘l Neural aspect of sacnini of Ariatositohua, showing the transverse pro- 
cesses, uietapopliyscs, and neural spines : «.s, neural spine ; m, lue- 
t apophyses; t,f, transverse processes; pz, poslzygapophysls. 
l-l. Lateral view of sacrum and pubos, showing their aftsocuitioii : j\ fora- 
men of sarral nerve ; jmbic bones ; postzygapopliysis. 


Discussion. 

The PuHsiDKNT said that valuable work was being <]ouo by Prof. 
Seeley in reexamining forin.s long since ([(‘scribed, and comparing 
them with t in* motx^ recent. Americ‘.aii disemvories. 

Air. llirLKK had known the spe(*inieu for a long time, even lud'ore 
it was described by Prof, f )won. He (]uile agreed that the spccinion 
had nothing to do with PolkilopleHroiu He thought tlic three ante- 
rior vertebra' were difl'erent from the two posterior, and doubled if 
the first three wore sacral. The first- tnujsveise proc^ess ap[)eared 
to him longer tlian the others. The (juestion as to whether the 
remains were Crocodilian or Dinosauria ii was infimately connected 
with this identification of the vertebrie. There was also a (piestion 
as to whether the bom's referred by i*r(d‘. Seehw to the pubis had 
the form of symphysial union assigned to thorn, lie ])referred sus- 
pending his judgment for the presi'nl. 

Prof*. SinnrnY, in reply, .said he thouglit if the specinum had been 
before the Society tlnux* would not appear to bo much differetK'O be- 
tween his views and Hr. Hulkes. ileslmwed that the last vertebra 
pres(.Tved was the posterior sacral vertoi>ru because the j>oslzygapophy- 
ses were preserved, whilst the first three of the five had ajiproxiinatoly 
the same transverse mejisureiuent as the last two. No doubt the 
transverse ])rocesaes dillVr, but this is the ease in other Dinosaurs. 
It was quite possible that the pubic Imnes hud the keel se]mrately 
ossified ; but ho thought there could be no doubt as to the osteo- 
logical idoniitication. 
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21. On ihe Correlation of the Upper Juiussic Bocks of the Swiss 
Jura with those of England. Bj’ Tkowas BoRERTs,Esq., M.A., 
F.G.S., Woodwardian Museum, Cambridge. (Bead January 
26, 1887.) 

In the summer of 1884 the aiiihor was sent out by the University 
of Cambridge, with a grant from the Worts Fund, to study tlio 
Jurassic rocks of the Jura. He was accompanied by !Mr. E. W, 
Small, M.A., Christ’s College. Some of the results tlnai obtained 
are given in the present paper. 

The Jura range of mountains is formed in gr('at part of rocks of 
Jurassic age, w'hich have been thrown into a series of folds running 
more or less parallel to each other in a north-east and south-west 
direction. These folds are usually quite simple, and it only rarely 
occurs that the foldings liave gone on to such an extent that the 
beds are inverted. 

If one examines a geological ma]) of tlu' district, it will bo seen 
that the surface of the ground is occupied ])rinci])ally by Up])er 
Jurassic Bocks : indeed all the higher ground is so formed, and it is 
only in the valleys and gorges wdiich run transversely across the 
folds, or in the centre of the folds wdicrc the u]>per portion has 
been removed by denudation, that older beds are scon. 

In this paper it is ])ro]>osed to deal only with tlie tapper Jurassic 
Hocks. In this term arc included all the bods wdiich li(^ between the 
base of the Callovian and the summit of the Purbcckian, and as 
such it is generally understood by English geologists. This classsi- 
fication, however, differs from that given by many foreign authors, 
since what is here included in the Upper Jurassic is equivalent to 
their Middle and Upper Jurassic. 

It is proposed to give, first of all, a general description of these 
rocks as seen in the district visited, and th(‘ii to at1om]>t their corre- 
lation with ihe Upper Jurassics of England. The tlura itself has 
been fully described by Swiss geologists and otliers, and the follow- 
ing memoirs refer more particularly to the geology of the portion of 
the Jura with which it is proposed to deal : — 

(1 ) Greppin, J. B. Essai geologique sur le Jura suisse. 
mq;nt, 1867. 

(2) Greppin, J. B. Materiaux pour la (’arte Geologique dc la 

Suisse (Jura Bernois et districts adjaconts). Berne*, 1870. 

(13) Jaccard, a. Materiaux jjour la Carte G(-ologiquc de la 
Suisse (Jura Vaudois et Neuchatclois). Berne, 1869. 

(4) Desor and Gresslt. Etudes Goologiques sur le Jura Neu- 
chitelois. 

A complete list of pajjers on the geolog) of the central part of 
the Jura is given by Jaccard (op, cit, p. 331). 
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Bince the publication of OppeFs work ‘Die Jura Formation' in 
185()-- 58, but little has been done towards the correlation of the Ju- 
rassic beds of the? Jura with those of Enghmd, and since that time 
many new discoveries have been made both in England and in the 
Jura, which tend to make the task of correlation somewhat more easy. 

The district visiied is included in the cantons Berne, Neuchatcl, 
and Valid; and as the rocks in the north part of the Jura differ 
considerably from their cHiuivalents in the central Jura, we may 
convcniontlv divide the area into two parts, a northern and a 
southern. ^Jhe northern district contains the greater part of the 
Jura Bernois, its southern houiulary being a line running east and 
west throiigli Bt. Jmier. Tlie southern district includes th(^ re- 
maining ])ortion of the Jura Bernois, together with the Avholc of 
the Neuchatelois and A^aiidois. 

Before eomnjcncing tlie doscri]>tion of the geology of tlic fibove 
districts, it is necessary to state that much valuable assistance was 
received from the following geologists, wlio aecom])anied ns on most 
of the excursions made in their res])cctive districts, and to whom 
the success of our (;x]>e<lition \vas in gnait m(‘asure due:— 

Al. Alatb(* 3 ’, at Delemoiit ; Brof. Koby, at lAwrentruy ; Prof, 
llollicr, at Bi. Imiiu* ; l^rof. Jaccard, at Lode and ^’eucbatel : Prof, 
(ifolliez, at Bie, Croix. 

1 have also to tliaidc IVof. llenevier of Lausanne for a bdler of 
introduction to ibo abo> e-named gentlemen ; and to I’rof. Hughes 1 
am indehted for much lielp and adviocn 


1 . Jhij: NoiiTJinuN oii Biaixois Distkht. 

'Ihe geology of the ,)ura Bernois has been Lilly d(‘seribcd by 
Gro]>pin in tlic^ works alnuidy referred to (1 and i’), and tliere is a 
geologieal map of tli<‘ dis(ri(;t by tin; same author. He gives (sTura 
Bernois,’ &e. p. 210) the following classitittation of the upper series 
of the Jurassic Itocks: — 



Furboclcicn. 

Portlaiidicn. 

Virgiiiion. 

lviiiiiii(3ridgion (or rierocericn). 

(or Aslarlioii). 
Kaiiriu-ioii (or Corallicii). 
Oxf’ordicn. 

Callovien. ^ 


Juru.^Bnni Butlionien, iVc. 


As alreadj’ staled, IJie grou]) of roeks with uhich it is proposed 
to deal is included in the above ‘"Jura Bujierieur ” and “ Moyen.” 

The “ Callovieii,” the lowermost division of the upyicr Jurassics, 
is subdivided into : — 

2 . Lo fer sous-oxfordien. 

1. La zone Ammeynites vwnocepliahis. 

The opinion of the Bwies geologists is not unanimous as to the 
true position of tbeso beds. Groppin states {op, du) that in the 
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north-east part of the district these beds immediately overlie the 
Cideaire roux sahlcu.v,md in the south-west region the DaUe micrer^ 
both of -which are included in the Bathonian. They arc overlain in 
the southern chains by the Calcahrd Sci/phifs iirfennn\ and in the 
northern chains by the Coiiclie wanmt$e a Cidaris hrvlvmda^ ?, f, 
Oxfordian. M. Mathey considers thal the Dalle aaerh’ overlies the 
Zfate a Ammoniien macroeejihalaf!. ("* Coupes Geolop;iques des Tunnels 
du Doubs.*' t‘x1r. from Denksc-hriften d. Schweiz, (jlcsellscb. f. d. 8;es. 
Naturw. Band xxix. ]>]). 7 and lo.") ChoiFat sii])]>or1s the same view 
(Esquissc du (vallovien ei de VOxfordieu, ])p. O, lie would 

also exclude the Callovian from the Jura su])ih*ienr (.lornal de 
Sciencias Mathematicus. <Jtc. no. xl., ISSoh an o])inion which is con- 
troverted h}- Keumayr (iShuies Jalirh. f. ^liiieral. Oeol. Ac., 18S4, 
pp. 227-2ih)). The most p:enerally ac(*(q)ted view, liowever, apj)oars 
to ho that which is adopted hy Orep])in. 

Tlie Zoae of A. macron'iduda!^, bofl) hy its Fauna Jind ]>ef rnlopeal 
characters, is easily recognized. !t is dcscrilK'd as a rough, n'd, 
grey, or hla(‘kish limeslonc, alternating with clays of the saTuo 
colour, and liaving a thickiK'Ss oF from to <> teed. 

The exposures in it are not numerous, since it usually fornjs low 
ground. A small section was setai on tin* roadsidi* alxAc ^lont- 
melon, showing the following beds : — 

1. ( )olilhe cofallieii. 

2. U'orniiii i'l chaillcs. 

.q. OxI'ordicMi. 

4. (MiitliiTi/; sec'ii ; pr<jbabiy oc-iaijiied by i lut clnyoy jxnMioii (d‘lli(i Calloviea.) 

5. Calloxieii, n coarse oolitic ferruginous liim'sloiu* uilli fossils. 

The l>eds immediately overlying and iimh.*rlying the Callovian 
werc^ not shown. 

A rock possessing the same lithological cliaractxTs as tlu' a])ove- 
mentioned Callovian was pointed out to us hy JSl. ]Mat}i(!y, amongst 
the inat<u*i}il ohtain<*d from the (ilovelier tunnel, where those beds 
were cut througlj. 

The Following fosssils were ohlaincd hy us ironi these two loca- 
lities : — 


Callovian Fossils, 


IMontmcion. Glovclier 
Tuimel, 


JlehMunitcs ]iji.-fatup, Blaivv. ... 

Ainiiionilcs bccticus, h'rhi 

aiiccjis, lu'iv 

tumidus, h'rhi 

convolutus, Qiicnsf 

Bakeri®, Sow 

Gowerianiis, Sow.'i 

Turbo bijugatus. Quandt 

Terebratula dorsoplicata, Sueas 
Bhynchonella, sp 
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The fer sous-cxfordien includes the zone of Ammomtes athleta^ 
A, ornfftus, and tho clays with pyritous fossils. The lower part of 
the substage is formed of grey or brown calcareous clays, enclosing 
numerous ferruginous oolitic grains ; its u]>j>or part consists of blue 
or black clays containing crystals of seJenite and pyritized fossils. 
Its thickness is estimated at from 3 to fi feet. 

The clays form low" ground, and sc(!tiou8 in them are rare. The 
dark clays with pyritous fossils wen^ seen at tho river-side, a 
short distance east of Soyhiere, and they also occur at Chatillon. 
Similar b(;ds, but considerably thicb^T, are exj)osed in the Combe 
Chavat/t(\ b(do\v (/aquerolle, and they wu‘re also seen as far south as 
Le (/crnil. north of Tranu-lan. 

The clays in the uj)per ])art of this substage are ])recisely similar, 
both in their lithological character and their fossils, to the Oxford 
Clay of England. 

Tho following fossils were obtained from the localities given 
below. It must bo remembered, however, that this does not repre- 
sent the wdiolo fauna of these clays, hut only the fossils collected 
by UB or presented to us >)y the geologists named in the intro- 
duction. 


Fossils from ^^lefer sovs~o:vfordie'n^\ 


1 

; 

Glovelier 

Tunnel. 

Chatillon. 

c 

.C if 

£ £ 
c5o 

o' 

lU 

O 

r/j 

Le Genii I. 

BclcmniioH hasiatuK, lilaivv 1 

■» 



* 

♦ 

0\v(*iiii, Praft ! 


... 




Ammonites Marino, iJ^Orh i 






Lamlx'rti, i 

* 





Eugrnii. 1 




* 



Ttr- 





Innulu, AV/;/. ’ 






crenatue, lirvq 

* 





Itabcaiius, IT Orb 


* 

[ * ! 

1 ♦ 


Oj>}> 



* 

* 

* 

convoliit urt, 






Niicula Phil 

* 



[ * 


Leda Diana, J)' Orb 



* 



lavhrvma, 


... 


* 


Pleurot Dinar in Miinstvri, Ilom 

* 

1 




Turbo Meriani, Oohlf, 

Vr 

1 




Aluria. bispinosn, Phi! 


* i 




Cucullopa (joncintia, Morr. 4* l.i/c 

* 

1 

* 



Pentacrinus pentagoiialis, Goldf. 


! 

i 

♦ 

1 


Tarobratiila im])rpesa, v. Jhtch 

* 

i 

* 

1 


lihynohonclla Thurmanni, Voltz 

* 


♦ 

1 

i 

j 

i 


The OivforcNan rocks alw ays occujij- low fertile ground, and present 
quite a contrast to the features produced by the overly ^ beds, 
which usually stand out in bold relief, forming ridges su "ting 
a meagre vegetation. The hollows or valleys in which thife ^r- 
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dian beds lie are known as ‘ Combes Oxfordieunes/ The rocks 
of this staj?e are divisible into : — 

2, Le Terrain a chailles mamo-calcairo. 

1 . Lo Calcairc a Scyphios iufcricur 

In the northern part of the Jura, the lower part of the Oxfordian 
is seen overlyirij^ the Marne6' (f p)/rlten,v a grey or black 

clay, fairly fossiliforous. The typical locality for this suhsta^o is 
Hobel, south of liasle, and Greppin si^ives a list of fossils from this 
place (o/>. cit. p. 03). 

The Terrain a chalJlefi marno-calml rr is composted of ycdlowish- 
grey clays, alternating with limestones of the same colour, and con- 
taining sj)heriies or chaUlcs, 

In the gorge at Thiergarton, near Beleniont, the upper Jnrassics 
are cut through, and here, underlying the ‘Tm-raina cliailles silicM'iix,’ 
about 1 l(j loot of Oxfordian are exposed, consisting of aUeriiations 
of bluish clays and liinestouoa. 

They are also seen in the (piarry south-east- of Lieslx'rg (stH^ sect ion 
fig. 1, p. 234) as yellowish limestone He])arated by sandy clavH of 
the same colour, passing up into bluish clays witli thin linn^stoncs, 
Similar beds also crop out below the ‘ TtuTaiji a chailles siliceux/ 
south of St. Ursaiino station. 

In the ‘Combo (hiavatte, Mho Oxfordian is from lUO to 130 feet 
thick, and consists of bluish marly clays with int,(‘rmediatc beds of 
limestone ; some of the latter are fairly thick and regular, whilst 
others are nodular. These beds are seen lying between the Clay with 
pyritous fossils and the ‘ Terrain a chailles silicoux,’ tiiul these 
yielded the following fossils : — 

Pholadoniya cxaltala, Aij. j IMouroinya varians, A<j, 

■ paucioostu, A(j, KliynchoucllaTliurmaimi, VoUz» 

Further so Lit] I, at Taturale and Le Cernil (north of Tramelau), 
above the Clays with pyritous fossils, conui gn'y marly ])ed8 con- 
taining nodules of impure limestones, from which the following 
fossils 'were obtained : — 

Ammonites cordatus, 

coinoiuUis, Qiic 

sulci lenis, 0pp. 

liecticus, Rein. 

perannatus, Sow. 

Pleurotoinaria Munsteri, Rom 
AstjirLf robustjv, Lyc. 

Mudiola bipartita, Sow, 

The Corallian has been divided by Thurmann into three sub- 
stages, and this classification is adopted by Greppin 

3. Lo Calcairc a Xerinees. 

2. Oolithe Corallienne. 

1. Terrain a chailles siliceux t. 

* Greppin, in his ‘ Essai * &c., includes this substage in the ‘ Oallovien.’ 

t Greppin, in 1867, included this in the ‘ Oxfordien.’ 

Q. J, G. S. No. 170. 


Trigoiiia. porlata, A(j. 

Lima subantiquata, Rom. 

(Iu[>]i(‘ala, Sow. 

Pholaflf»mya oxaltata, Ay. 

couoinna, Ay. 

Tcrobratula insignis, S('hyh 
bisuflarcinata, Schl. 


B 
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The Termm u cJuiiUu silicem^ is somewhat variable in character, 
but is usually composed of hard, compact limestones, often siliceous 
and separated by clay(\v beds ; its upper part is often oolitic. Bis- 
sorairiatcd through the series are numerous noduh^s, which are 
usually siliciious, and the fossils are sometimes silicified. 

The following sections, amongst others, were observed in the 
rocks of this suhstage. At Thiergarten, near the south end of the 
gorge, the ‘ Terrain j'l chnilles silieeux ’ is seen to consist of coarse 
bluish lim(*-slone. with clayey ])urting8 ; some of the limestom^ bands 
are nodular, and the whoh' thickness of the scries is about 08 tect. 

Fig. 1 . — Sectioit hi Qnarri/ tu'ar Boadshie^ of Lit shay. 



A lu'tter s(‘cliou is shown in the (|u;irrv south-e.ist of Lies- 
berg (lig. 1). Overlying the Oxfordian an' souk* thin Ix'ils of 
yellowish liniestono, sucireded by griivish liinestoiu' separated by 
bands of (Ink chiys. tiie whole being a lioul 1(50 feel. thi(*k. TiWe 
beds are worki'd for hydraulic lime and arc v(‘rv fossilifennis. 

Similar beds \\(‘n‘ seen jjhove Mont melon, and again on the east 
and west side of S(, rrsaiine station. 

At the ‘Oombe (liavatte,’ further to the west, those beds arc 
more siliceous aud (•(uitain silicitied fo.ssils. 

At richoux and again at (lohat the ‘lorrain a chaiJles siliceux ’ 
is said to he wanting unless n^presi'nted l»y soim^ linu'stones three 
metres thick, which form the u]>i»crmost * part of the Oxfordian 
(Grt*])pin, o^>. clf. p. ()(>). 

The following fossils were obtained from rocks of this substage ; — 

Locality, 

IJoIiMjoiitos AVac/c 

Aaimonitos conlatus, 

cenvolutus, Quaifif 

hocticvis. Idin. 

I’k'urotoiuaria Muustori, lxi>m Liesberg, 

l*hasiancll;i striata, S<nr 

Cbemnitizia heddingtoiiensis, ^OU' 

Natica clymenia, d'Orb 

rholaduinya jjauoicoata, 
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Pholaclomya concinna, 

Ifeviui^culfi, Ag 

Lium ]»c(*tini{briuii^, 

riicntulii iseniijiriiiala, A'/ 

Mixliolii imbricata, >'>nw 

Canliuiu iut«'\uun, M'un,^f 

l\'cU‘ii Qnt nst 

iiia'quifostal u^, 1'h‘il 

jiri icuL'itiis, S^ hf 

RliyiifUniii-lla Tiiunuainii, Volt 

latruiiosa, Sch! 

Torebratula iivsi^ni.s. Xchi‘J> 

- — tb'loiuonlaiia. Opp 

Waldlioiinia biuaailenta, S(nv. .. 

Cidaris lloriLreiiinia,. I'hil 

lleiniciilaris LTeiudaris, A>f 

l*s«,'udodiadt‘Uia arovinhsi*, FJ. .. 
Gly]»li(*iis liit*n)i;!yplii('us, Ag. .. 

ColjyriU's ./</ 

bicordata, Ihs 

Millt*ri(‘rinus (‘cliinatus, 


Tiiaoosinilia annulari'*, Flc /i '.riiiar^arUai. 

Jsiasl.roa expluiiala, ^roA//'. 


Oolillii CoruU'ienni and Ca/catrc d N^rinFs , — Passini; u|) 1‘rom 
tli(^ bluish lini<*ston<\s and days of the ‘ Terrain a diaillos silicaaix,' wo 
como to a *^Vi^y or white oolitic liinestone, whidi nsnally (jonlaius 
inuuerous tVajiuuMits of slndls and corals: the windi' is troiu Hi to 
feel tliiek. This constitutes lh<‘ VoraJUt nm . ( )ver- 

lyinLC it is tin' ( \ff<‘<firr. d Arriitius, a rock sonu'whal- variable in tdia- 
raeler, hut always coni])osed ui liineslunes, wliich may !)(• compact 
in text lire, whilst a.t other tinn's they are dialky, I iihacu'OLis, and 
(juite soft ; its thickness varies iVom ti<» to 27' > lc(3t. 

Thesi‘ Corallian rocks are more easily denuded tlian tluj overly inj^ 
Astartian ; i‘(>nsei]nent.ly, in the escarpments, wliere both are scon, 
the Corallian bcfls an^ always w<-athc.red out into }>ollows and 
caverns, whilst tin' ovtirlyinjj: sti'ata 'pr<>ject as »)V(‘rha nj»in^ ledj^ujs ; 
in this way, the beds are easily reco<rni/e(l. 

A good seetion of the Corallian, Astartian. and i'teroeerian is 
scN'ii oil the roadside at Yorhourg, near Delemont. Aided ]>y 
M. Mathov, we wme able to work out almost twery bed in the 
above stages. The se etion in the Corallian here is as follows, the 


beds being givmi in desc(;nding order : — 

i'L 

S. Cfariprjci, fiiio-graincd liniesioiu* 'J’J 

7. t-’nnip'ift , 1 ha;k-t)tMld«'d limestones, wit }i Srr}ri(f <i . bS 

Thm-U'dded, course, suberystallhie, and pisulitic 

lim<?>T<>Tu*s 4 

r>. C^ompact limcsnnn- 15 

4. Thick -bedded, whiU' litucsUaie, with corals, J)F 

cera\ IB 

T. Irrcgidarly fKsddcd wlutiab limestone 14 

2. Thick limestones, sometimes oolitic 17 

1. Greyish oolitic limestono 32 


b2 


LocaUfg, 


^ Liosix'rg. 


■ St. Ursauuc Tunnel. 


y Liesberg. 
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The ^ Terrains a chaillcs siliceux/ which should come below, are 
not now exposed. 

This section is also described by Grcpinn (oj). cit. ]>. 87), but we 
could not make our measurements quite agree with those published, 
especially in the upper part of the series. 

At the roadside east of Soyhiere a (juarry is opened in tho upper- 
most division of the Gorallian ; the rock is a whitish limestone, part 
of which is hard, but the greater portion is quite soft and tuffaceous, 
and the whole rock is largely made up of corals. 

These bods are also seen at Thiergarton, Cournuidlin, and again 
near lloche, and also at ^rontmelon. Just behind the station, at 
8t. Ilrsanne, is a, thick s(;rios of white limestone; its lower jairt is 
somewhat oolitic, but higher up it is (piit.(‘ tuffaceous and contains 
numerous (jlasUu-ojmds. A little further to the east, at the west end 
of the bridge which spans the valley, and a])parently sormnvhat 
lower in th(3 s(‘rio8, a similar tuffaceous limestone occurs crowded 
with Dicerm. Then, again, in the railway-cutting on the eastern 
side of the valhw, still lower beds are S(‘en overlying the ^ Terrain a 
chailles siliceux ’ as a w' oil -bedded, coarse, (»olitic lini(e;toue. We have 
therefore herii n(?arly a complete s(‘<dion in the (^>rallian b(d.w'ecn 
the ‘ Terrain a eluiilles siliceux ' and the. Astartian, and in it the fol- 
lowing beds an; recogni/a‘d, in descending order:-- 

4. TuirjKMMnis liinesteries crowded with eta'll cropods, 

»S. OoliUc liiMcst Olios. 

2. Tutfacoous liiiH'sluno witb JJhntis. 

1. Oolitic liiiiestoiic. 

.Further W(‘st, at Oaipierelle, these (’oralJian beds rx'cur as a white 
oolitic liniestoiK', wliieb ha.s yiebled a large mini)>cr of c(U’aK. 

The fossils obtaiiK*d from the (Uuvf Hit tun and ('idraire 

d Nt'rituus’ are giv(‘ii in the aceompan\ing list. 


Fosalh from the ^Oollthc ('onifUtmu ' mni a Arntu'f.'<,' 


Purpura Lapiorrea, line... 
Ceritluum eortiUciise. Hkv. 

buccinodeuiJi, littr. .. 

cj\ umricatimi, Soir. 

’Nerinea speciosa, Volt^ .. 

nodosa, Vottz 

— oleguns, Thurm 

Be franco i, 

bruiitrutiina, I'kurfn. 

ursiciua, Tfiurm 

Kcpxtieri, Pkilij^i 

Neritn cannlifern. .. 




♦ 

* 




* 

♦ 

♦ 


! 


c 

:£ 

c? 

; j 

tfj 

•Si 

I s 

*1- « 1 ^ 

1 ii r 
'£ 

Pi ; H 

,u r 

i 


i 
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Fossils from the * Oolilhe OorMiemic ' and ‘ Oitl>o(th\ a Nrrinees ' 
(contiaued). 



Kerita sigaretina. B/tr 

Turbo tegulatus, Mi'uist 

Trocliurt angulutuplimtus, M'unst. . 

rileopsis, Kp 

Patella, sp 

Canlium coralliuiu, 

Diceras arietiuuni, Lotii 

Lithoclornus socialis, i'hurm 

Terebratula in;siguit<, tSchuhl 

inoravica, (Hdc/i 

liauLiini, Kt 

Pygaster teiiuirt, A(f 

►Styliiia tuhulift'ra, PhU 

" (rirodi, AV. 

Tlieeosmilia crusea, (T Orb 

lava t a, hit 



i 


dichotoma, Ko^of 

Khabtlopliyllia ilab.diuiu, Et 

J SiUMt iva ex planata, (ioblf. 

Tljunuanni, KL 

TbamnareM. arljoreseeuH, Kt 

d'haiiiuastroa eoiuanna, Gold/. 

Coiivexast n^a, sp ; 

Cryptocd'nia limbata, Gold/. j 

■ decipiiMis, I'd 

i<K o Ilia eoiMllina, Kohf/ j 

Stykwimlia Micholiui. K/.w .j 

CalaMioj)liyilia flabellum, Jllainv 

J)en<]roiK;Jium eoaleseens, (itddf 

i Epi.smiliiJ niull.isrj)ta, Kubtj 

tU'leiuoutaua, Kobi/ 

magna, Kobi/ j 



# 

* 

* 

5»e 

SK 

♦ 

♦ 

♦ 



Tho Sfjjnaninn or Astartian coiLsists of a g^rcyisli, coinj)aot, and 
often t)olitic‘ limestone, Avilh some marly beds. A very constant 
fossilife rolls marly zone occurs about the middle of tbc Keri(‘S. 

The section at Vorbourg, where the whole of the A.startiaii is 
seen is as follows, commencing at the summit : — 

ft. in. 


10, Thinly bedded limestones 

ir>. Thick grey limestones 

14. Limestones similar to 16 

13. Thick limestone 

13 rt. Ditto 

12. Thin limestones 

11. Im'gularly bedded limestones .. 

10. Irregular limestoiujs. 

9. Thick, whitish, ouhtic limestones 


1 0 
14 0 
1 6 

3 0 

4 0 
8 0 

13 0 
30 0 
3-1 0 
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ft. n. 

8. Breccia ted limefitones 4 0 

7. Thiclv limestones, slightly oolilic 14 0 

r>. llf'dilirth, oolitic linjehh)i»es J2 0 

T). C\»tnj)j(ct , oolit ic linicvit.oTK* 11) 0 

4. Wcll-heddetl, reddish limeHtotie, \ery (•oinj)aet . .. If) *0 

tJ. drey litnerfiones 22 0 

2. .riiin'befided li)rie.->t.on«‘S, inurl\ at base and 

(Towde<l with fossila ‘>0 l> 

.! . Ooliti<* linn;slon<*s 2.S 0 


(B«4o\v this the .section wan not welJ expo.sed.) 

At Arigolat, abotil lltrcc (juartcr.'t of a rnil(‘ \v(\st: of Soyhicre, there 
is a good section in tlie, marls and also in the beds immediately over- 
lying and umhalying tliem. 'fhey an* also (exposed at Alontchai- 
])erit, Thiergiirten, jtnd Bassecourt ; and Astartiaii limestones are also 
seen ahovt? (he (ioralliati til Si, rnsanne. 

Tlie Astarlian is larg<dy quarrital ah Laiifon, wlna'C th(‘ lime- 
stones tirc^ ior ilie m(»st. part oolitic : fossils are not abundant in 
these beds. 

fossils in the atreompanying list were priticipally obtained 
from the marls. 

/f s'/oWorn Fosstlfi. 


Ih'leinnil ew uhI art Inu^^. /•,'/ J >'. 

NaticM t nrhinitonnis, Itith/ j » 

hiMnispluiM-ica, /i’./// ..j ... 

IMtusiiux'lla siriiitn, Sn/i' I 

Nerinivn do,».ie, li\>iu • ... 

PljoladoMiya eoniplatiata. /I’o/;/ | 

p;in<M(*o!<t!i, .!;/ j * 

(\vprina teimirost ris. 7.7 1 * 

Cardiimi t’ont:nmni. I'lf j jJ* 

Trigoiiia su]nMjnren,'si.‘4, ,/y ' ... 

Mytilus haiga-viis, /,7 ! * 

liima astartina, I'h : * 

Becion Ions, N'C * 

(Istrca .^etpiana, I'h ; -» 

Bxogyni nana, ^^ac i * 

Terebratula hiunoraliH, /o"/t ' * 

Bauhini. t'J * 

suprnjuronsis, I'hunu ' ... 

im)ravi<’a, j ^ 

Rbyiu'honellti inconstans. S>tt: : ... 

helvetioa, r/’ 0/7» * 

Oidaris tlorigennna, /*/»// • 

Houiidiadema stramoninin. ./</, 
rendlin.) : 

P.^oiuitKliadetna tioglecttini, Thurm, ’ * 

PodinA snbhv'vis, **h/. (^liebeuvolier.l , 

I Apiucrimis Mcriaui, Dts j ... 
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Pteroeerian or Kimeridgian . — ^The classical locality for this 
stage is Banne, near Porrentruy, where it lias heeii known ai»d 
worked for many years. Its lithological cliaracter is very constant 
in the district, being composed of well-bedded limestones usually 
very fine in texture and light coloured ; tlu're are also some thin 
beds of marl present, and these are usually very fossililerous. The 
limestones are much quarried for building-purposes. 

The quarries at Dehunont are opened in rocks belonging to this 
stage, and hero the following section was observed : — 

ComiMK'l grey liiiicstonoB . 

Fohsiliferuus loarlv ht.*.d ‘Mr 

T * y .►I teet. 

(HI hnu‘sr,unes 

Ooijqmcf limestone J 

Most of the fossils obtaiinnl in this locality (a)me from th(‘ marls, 
because, as a general rule, the coirqtaet limestones are not fossili- 
ferous, atid wheti they are so, it is almost im])ossi])le to got tlie 
fossils out in a determinable eondition. 

The section at Yorbonrg, in the Pteroi;erian, shows compact 
limestones of much the same character as the b(‘ds in the (juarries 
below, and described in the above s(‘ction. 

At (1 lovelier similar bods W(Te also seen ; niul in a small ex}) 0 - 
sure al tlie roadside, a little to the west of tlie village*, the surface 
of one <>f tlie limestone b(‘ds is exjiosed, wliieb is crowdeil with 
Pterocena^^ &c. 

Limestones like those of Delemonl weri^ s«'(*n at (Jourrendliii and 
also at Vermes ; but in the hist-nam(‘d locality the lii'ds w('re some- 
what nodular. 

In the luaghliourhood of Porrentruy these beds have- hiaui, as 
already stated, largely worktal. 'J’licy also <jnarri(al a Jiltle to 
tilt' nortli of N'illars, wliere about 20 ftretof tlie limosUmes art' shown, 
tilt' npjM'rmost jiarf htdng tossiliferons. 

'J'ht* fossil iff rolls I’teroeerian marls are also exjiosed a< the road- 
sitle ht'tween JAuitentas and Bressancourt , and again at Coiirgenay. 
In both these localities the rock is crowded with fossils. 

SubjoiiKid is a list of the fossils, which ctnne chitdly from the 
marls : — 

Ptcroceria n Fossils, 


1 

! 



' Xautilus Marcotianu.s, D'ffrh 

f Ntitiea gigas, Ur 

* l)'(frh 

; Pt t'rut'f ras oceani, Dvhfff ; 

I Kositcllaria Wagneri, Thurm 

\ Pholadomya myucina. Ag 

' Protei. Ag 

I rnullioosta, Ag | 

1 ! 1 


♦ 

* 


♦ 


SK 

# 

♦ 


* 

* 

* 

* 

Hr 

♦ 


1 

i 

i 



) 

I 


♦ 


i 


* 
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Pterocerian FossUs (continued). 



c 

S 

'Z 

P 

P'ontenois. 

Courgeiiay. 

Glovelier. 

Pboladomva recurva, Ag 



* 



% 




j Tliracia incerta, l')ivrm 


• • . 

* 


1 (’eromva exei'iitrica, Ag 

♦ 



♦ 

* 

Lueiiia snli-striala, /»V//< 

♦ 


* 


! (.'ardium hannesianuni, I'hunn 



♦ 

* 

' — ' axino-ohliqiium, I'hurm. {cf. dia- 





i Hiinile) 



* 


i Trig(niia muricata, Horn 



* 


MyliluM jurensirt, 3/rr 





! HuhjKM'tinatns, U Orh 

* 




j Modiola sul'a‘(pii])licata. (roldf, 

* 


* 


i Triihilee, sj) 


... 

* 


* (lervilliji let nigona, lii<nb 


... 

* 


: jAvicnla I'hurtK. 

i 




i Lima (\nA} 

, * 




j Jlinnite.'^ ina'quif^trial us, 1)' Orh 

* 

* 

♦ 

* i 

! srmisctlilaria, /'/ 

* 

f 

* 

* ! 

1 ula suhsclla, O' Orh 

j luiIllCrMilH li'inH ... 

a 

¥.■ 

! 


^ I 

j lili vncli<in(‘ll.‘i irictm.staria, 




! ! 

; — — s('nii-nn‘<»nstans, A’/ 

* 




! ( 'idaris niirigi iimia, I'hil 





1 ITemicidaris M iiunuamii. Ap 

* 1 


j ... 

* 

j Aerosa ieiiia asp(*ra, Atj 

# * 

1 



1 Iloleet vouH Meriani. tUrh 


i 




V'irffnlian , — The rorks of Ihis stage occur only in the wosteni and 
southern portions of the distriol.its easlern boundary being a sinuous 
lino rimning from Soleiirc to Sc])rnis (Jura, llernois). (ireppin {op, 
cif. p. 115) ]>oints out tliat the northern part of the Jura was under- 
going u]>heaval during rteroeerian timcK, and tliat land existed in 
the horth-oaslei'n ])ortion of tlie district under consideration at the 
time when tin* N'irguliaii beds Avere ])oing dej)osited ; in this way he 
aceonnts for the absc'nce of rocks of this stage in the north-east Jura, 
The \irgnlian Avas at one time well exposed in the neighbour- 
hood of T*orrenti'uy : at ]>rcseiit, ImwcA'cr, the (puirries are tilled up 
and no section is visible. A section in these beds at Tichoux is 
described as folloAVS (Cireppin, op), cit, ]>. 1U>); — 


feet. 

Whitislt limestones 05 

Yellowish or grey elavs and shelly limestones witli 

Fa'offpra virqvld ' 19 ,^ 

Thick beds of hard compact limestone 05“ 


Fragments of Yirgulian wore seen on the surface at Waldeck, 
near l^iTcntruy ; they consisted of a reddish-brown limestone Avith 
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Kvog^/ra virgula. Further south, at Tramelan, a small exposure 
was* obsei-ved in these beds, which consisted of yellowish marls and 
impure limestones hirgcly made up of the shells of E.vogijra virgnJa. 

The Portlamliau beds, which are so well developed in our 
southern district, are almost w'anting in tlio northern part of the 
Jura. The only locality wliere they were S(‘en in the latter district 
is north of the raihvay-station at ^Jontier. The same remarks up})ly 
equally well to the PiO'hvckiau. as apparently they have not boon 
found further north than Moutier; and ther(‘, overlying the Tort>“ 
landian, is a dark-coloured limestone, about one foot thick, containing 
numerous freshwater fossils. In the absence of fossils it is hard to 
define the limit hetween the rurbeckian and rortJaiidian in this 
section (see fig. 2). 

Fig. 2. — Section in Uailwag-ciiUing north of Mooiicv Station. 



f(, Portlandian ; tj, Parbockian. 

Tlic bod marked X contains freslnvaler fossils (Purbo(dcian). 

Thi^ following fossils won' obtained from the black limestone 
reforred to above ; — 

('li?ira Jaeeardi, I/rcr. JMunorbis Cboffati, Maitl. 

(\\j)riN raid* n-iis, Stnr,{Y)» Corbula. Porbesi, hr Jjor. 

Ibth\nia, Jlydrobia Choparti, Handh. 


2. 'FllK SoUTUKKN DiSTHICT. 

Nearly the whole of tliis district is descrihed in Prof. Jaecard’s 
^Icinoir on the Cantons Xeuehatel and Valid, and the following 
classiticalion is taken Iroiu his • eou]>o theorique,’ ]>1. 4, at the end 
of the work referred to : — 


r 4. Purl^eckicn. 

, J •*>. Portlandion or Ncriin'sm, 
or Kimmcridicn j U, Pt tiroctjricn. 


Gron]^ Jurawsiqiie .Supt'-ricur, 


Grou 


I-' 

U* Astartion. 
r 4. Cf^rallipii. 


I I oxford- ca.cair«. 

tl. Callovicn. 
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The Callovian presents but a feeble development in this district, 
as compared with that of the northern area. The fer soris-oxfor^ 
dien, which is so constant in the latter, is scarcely, if at all, repre- 
sented in the southern district. Its total thickness does not exceed 
10 feet, and it is usually considerably less. It is, however, pos- 
sible to distinguish two zones in it : — 

2. An upper out composed of grey clay, poor in fossils, and some- 
times containing pyrites. 

1. A lower limestone, which is ferruginous and rich in fossils. 

In the ‘ Oomlx^ (ircdc,’ near 8t. Imier, a somewhat pc'culiar 
devolo])m(mt of the (-allovian is seen: it consists of a bed of 
greyisli cherf. <S inches tliick. The underlying /Jalle uacire, how- 
ever, is very 'well develo])ed here, and may, in part, represent the 
Oallovian of oilier ar(*us. 

A beli(‘r exposure of it is shown in the eastern side of th(^ (piarry 
at rouiller(‘l, near Chaux-de-Fonds, wlicro the following section was 
observed :™ - 

1. OxI'onlii'iL 

2. ( 'allnvii'ii, lO ft. I h. Blue suiudy clays with fossils. 

tliick \ f/. J'hiii band of fcrnigirious niarl. 

Dalle nacrec. 


A lhick(‘r devedojmient of the ferruginous marl occurs in a quarry 
a little furtlicr north, and consists of a ])rown limestone and marls 


with ferruginous oolitic grains, 
from this hod : 

liclcnmitcs hast atus, JiUdnv. 
Aiumonil cs lu'ciiciis, Id in. 

— — couvolntus, 

— atlilciii, 

Nuciila urnala, QiUf/sf. 


The following fossils were obtained 

liitna riffida, SaVK ? 
lliiiiiitcs abject us, Mur. cf’ hy/c. 
'J\‘rcbraf,ula dorsoplicata, tSmss. 

I C'ullyj-iU's ellipliciis, Af/. 

I lloleetypus, s}>. 


The (lallovian was also seen below the ‘ Spongition ’ on the 
roadside opposite^ Dreiiets, as a clayey bed with Jit Irontites 
Ammonites cv»tca/c/f/.s', and - i. heetirus. 

The Oa'fordlen Culcaire is divided by .iaccard into : — 

2 , Tlioladoiiiicii. 

1. Spongiticii. 


The ^ Spo 7 i<fUitn^ composed of alternations of limestones and 
ohiys, having a total thickness of about 15 metres (4})’f(‘et). In 
some localities these beds contain numerous sponges; in others, again, 
suirh f ossils are either absent altogether or very rare. 

In the ‘ Combe Urede ' this lower division of the Oxfordian consists 
of grey compact limestones with some marly beds in its U])pei' part. 
Further west, near the railway-station at Con vers, the ‘Spongiticn' 
is worked for cement ; the lads exposed in the quarries are thin- 
bedded, grey, argillaceous limestone witli partings of clay. 

Overlying the Callovian, in the quarry at Pouillerel, referred to 
above, about 10 feet of Oxfordian are exposed, of much the same 
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character as in the localities named above. The beds contain 
numerous crinoid stems and some 8pong:es. 

On the roadside opposite Brenete the whole of the ‘ 8pongitien ’ 
is seen as in the following section : — 


Pholadomien 

. . [ Well-bed(lt*cl thick limostono, 15 ft 

k,pOTigi len ... I Limestone with shaly particles, 14 ft 

CaUovien 

Dalle iiaereo 


ft. 

30 

'JO 

5 

10 soon. 


The ‘ PJioladomicn ’ is somewhat variable in this district. In the 
‘ Combe Grede ’ these beds are vt?rv thick and are made up of : — 

3. A series of thin -bedded limestones, somotiiucs nodular, with 
partings of shale. 

2. Thick series of bluish shale-s, ]>oor in fossiLs. 

1. Thill lim(‘stones and shal(*s similar to (3). 


In the section opposite Brenets, mentioned above, the Phola- 
domiaii is 30 fe(‘t tliick, and consists of thin limestones with 
]uirtings of clay of about» ecjual thickiK'HS. 

'i'lie upper bi'd^ of this suhstage have been worked for ciuucut at 
Les Braises, West of Sto. (h’oix, and here they consist, of nodular, 
grey, argillaceous liineslones. 'Bhe lower part is more marly, 
Similar beds were also seen at Les Auges. 

'Jlie following fossils witc olituined from the Oxfordian in the 
soutbern <listrict 


Aminniiiics con vol ulus, Qumsf. ... 

hfcijfus, /iV/// 

Jiclt;mniU‘s liaHliitus, lUuinr 

l'lour<>niy!» varinns, A(/. 

Voltzii. A;/ 

Piioladoiiivi rtciitata, .5/ 

eingulatu, A(f. 

('Xiiltala, -■/// 

Anatiiia undulata, 

iVJotliola hi]>ar(ifa. Sow 

Gonioinyii prnboscidea, A(f 

Aslnrto rt>b«ist:i, A’/ 

!Niicula onuit.a, (^nenaf 

Tert'bralnla drbis, Qm nsf 

bisvillarcinatu, SeJd 

Collyriles, sp 


LoatUf'ws. 

La Vruconn*', iSt. Su)]»icn, Les 
Augcrt, aj)d Combo Crrodo. 
CdnilH*. (liriklo, 

(’ouiho Deiiayricz. 

Ditto. 

Ditto. 

]Sorth of »Ste. Croix. 

(.'ojubc Dc'noynez. 

.Ditto. 

Ditto. 

Ditto. 

Ditto. 

Le.s Auges. 

J>itlo. 

CoinbtJ Denayriiz. 

Ditto. 

Ditto. 


The CoraJliffti is much loss developed in the southern district than 
ill the northern, and, indeed, appears to be represented by a series 
of beds which correspond only t<j the Terrain, a Chailles siliceax of 
tho riortliorn district. 

The stage is descrilied ( Jaceard, op, cit, p. 20 J ) as consisting of ; — 

3. A dark blue clay, which underlies the Astartian. 

2. Keddish-brown limestone, poor in foSsils, passing down into a 
series of tliin-'bedded limestones, whicli are very fossiliferous. 

1. Barren clays. 
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They do not, however, present the same lithological character 
throughout the district. 

In the * Combe Grede ^ the lower beds of the Corallian are repre- 
sented by limestones containing Bkynchonella inconstans^ Terebra- 
tula Cidaris^ &c., and above these come some greyish compact 

limestones, containing species of Cidaris and Bemiddaris, 

In the debris thrown out from the Loges tunnel, in which the 
CoraUian beds are pierced, the rock pointed out to us as belonging 
to this horizon is composed of brown and some grey argillaceous 
hmesUmes, rich in fossils; tho following is a list of the principal 
ones obtained by us : — 


Turbo Meriani, Goldf, 

Lima rigida, Sow. 

Eenevieri, Et. (cf. grandis, 

Bom.). 

Pecten lens, Sow. 

Ostrea solitaria, Sow. 


Terebratula Bauhini, Et. 
Rhynehonella pinguis, Op. 
Cidaris horigemina, Phil. 
Stomechinus perlatus, Ag. 
Glypticus hieroglyphicus, Ag. 


The Astartian is divided into two substages — an upper^ cal- 
careous, and a lower argillaceous one. The general character of the 
former is thick-bedded homogeneous limestone, although at times 
it is oolitic. Tho oolitic i)ortion of these beds is usually fossili- 
forous, but the fmo-grained limestones rarely contain fossils. The 
lower or argillaceous division of the Astartian near Lode is 50 
metres (l(i4 feet) tbidc, and consists of cluys and limestones varying 
in character and thickness ; tlio limestone is sometimes oolitic and 
marly, whilst the clays are at times quite arenaceous. In the 
upper part of ibis subsiage there is a fossiliferous zone with Tere- 
hratida kurneniUs ; and lower down there is another marly bed con- 
taining this same fossil in abundance. J>oth of these fossiliferous 
marly hods ani st cn near tlie summit of HI omit Ciiass(Tal, and again 
furtlior north, on th(‘ other side ()f the Ht. Imier valley. 

On the roadside ojiposite Brenets the following soclion in the 


lowtT beds of tlie Astarlian was (diservc'd — 

fi. 

T). Wcll-bfddod greyiplj liniostones 12 

4. Marls, with some tliiii beds of liiiiesloue evmtaiuing ■Sfvkinia 

afrinfu 10 

3. Greyish limestone 20 

2. Alterufitions <»t’ limestone and marb H 

1. Gnyish limestones o seen. 


The marls with TrnbrahtJd humt ralis also occur in the railway- 
cutting near Noiraigue. 

In the neighbourhood of Ste. Croix the Astartitiu is composed of a 
compact reddish limestone, which is well seen on the roadside to 
tho iioifh-west of that town. 

Tho following fossils come from the marly beds near the summit 
of the Chasseral : — 

Chemiiitzia bedtliugtoiiensis, Soir. j Terebratula suprajurensis, Ag. 

Trigonia subcouceutrica, F/. ' Cidaris florigemma, I hil. 

Torebmtula humeralis, Born. Heiuicidaris, sp. 
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The Pterocerian is, perhaps, the most important sta^e in the 
whole Upper Jurassic series, since it forms by far the greater por- 
tion of the high ground in this part of the Jura. Its thickness has 
been estimated at 150 metres (492 feet), and it would appear as if 
it was thickest in the southern part of the Jura, and thins out to 
the north. On the whole, it presents much the same lithological 
character in the district under consideration, but most of the beds 
are poor in fgssils. It has been divided into an upper and lower 
suhstage. 

The Lower Pterocerian consists of a thick scries of coarse greyish 
limestones with some marls, the whole being usually poor in fossils. 
The following zones have been made out in the Upper Pterocerian 
(Jaccard, ojt, cit. p. 189) : — 

3. Very conipact litliographit' linipstories with Bvyozoa. 

2. Wliile siiccharoid or crystalliue limestone with TJryozon, JWr/y/rm niid 

JJurra.'i (stnall). 

1. Greyish marls, rioh in fossils. 

In the ‘ (V)mhc Gredo ’ the following section was ohscu’ved below 
the Yirgulifin : — 

3. A thick sori<‘8 of greyish limosioncs. 

2. Greyish, soine'W'hat breoeiated limestones, with Tcrchrafuht avbscHa^ Osfrea 

salifarni, Scrina’a hrinitrufana. &e. 

1. Limestones with Neritaea. 


Similar maHsivc limestones wore seen near La Jiauino, liOcle. 
North of the road-tunnel, near Noirvanx-dessous, on tins way to 
Ste. (h*oix, a fossiliferons marly httnd in the Pterocerian is exposed, 
and overlying it come some woll-heddod, grey, very eoin])a(!t liino- 
stones. Piirther south, near Jougno, the Pterocerian is (puirricd, 
and the section shows about 21 feet of grey, very compact limostonos, 
with some brownish marly ht;ds. Itocks of this age ar(‘ also worked 
near Soleure, and the fossils obtained from llte (|U.arriea at St. 
Nicholas (norih of Solcure) include remains of Turtles and other 
Re])tile8 and of fish. 

The following section was seen in one of the three quarries at 
St. Nicholas : — 

ft. 

4. Hard and nomcwlial j)orou8 limesione 5 

3. Greenish marls, with PtcroccraUf A'rrrn&a, Tcrclratvhf, IJrrtnddnris^ &(r. 4 

2. Hard, grey, conqiact limestone, separated by a Ibin marly bed from (1)7 

1. Thick b(id of compact grey limestone. 

The other two quarries are opened in rocks having the same 
lithological character as that at the base of the above section. 

The following fossils were obtained from the Pterocerian beds at 
the localities named below : — 
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Pteroeerictn Fossils, 



c> 

“C 

'<V 

u 

o 

o 

.O 

3 

, Va Bechaz. 

«5 

sJ o 

p 00 
k W1 
<v 

Jougne. 

Natica gigas, IJr 



... 

* 

Chemnitzia Bronni, irOrh 




* 

Nerinsea Elsgautlifie, Thurm 


... 



bruTitrutana, Thurm 

Pterocoras oceani, Delah 

* 



* 

Pholadoiiiya Protei, Ag 



* 


multicosta, Ag 

•* 








# 

Homomya hortulana, 7/ Orh 

Pleuroniya donacina, Ag 


« 

... 

* 

Cerotnya excentrica, Kt 



# 

kt 

*— — • iT\tlart*s Ag, ,t 



ik 


Astarte subclathrata, Thurm 


... 


* 

Lucina rugosa, Earn 

Oardiurn bannesianuiii, Thurm 


... 


# 


* 


kt 

Diceras suprajurense, Thurm 




kt 

Trigonia siijirajvirensifi, Ag ' 



♦ 


Modiola subasquiplicata, Goldf. | 

■ perpli(5ata, Goldf . 


* 


kt 

jureiisis, Mcr 

J^inna uionsboliardiaua, ConfJ. 


* 

# 


Pccton Beiiodicl.i, Contj. 



* 


Hinnites iiuwpiistriatus, Vollz 



* 

it 

Osl.poa Hornisolilaria, 77 


* 

* 

* 

Terobratula subsolla, J)'()rb 


* 

* 

* 

IIoinicitlariH Thurmanni, Ag 


* 



iBoatrca oblonga, F/em 

... 

... 




The Virr/idlnn is ox])osed in the ‘ Combe (xredc ’ as a tliick series 
ol greyish, compact limestones, with some marly beds. At Brenets 
there is at the bjiso of the Portlaiulian a marly bed which has yielded 
Exogyra virgula, further south, owing to the absence of this 
fossil, it has not been recognized with c(?rtainty, although the marly 
bed, which is more or less ])orsistcnt at the base of the Portlandian, 
may probably represent it in part, at least. According to Jaccard, 
iowereTf the Virgulian is said to be wanting, and the term Port- 
landien is used by him to include all the beds between the base of 
the Purbeckian and the top of tho Pterocerian in the Jura Taudois 


■me lower division of the Portlandun consists of “^^e 
and compact limestones, which are largely 

Sse theLbeds are lighter in colour “d become ^ » 

are never abundant in these rocks, but vertebrates, 

fragments of teeth, scales, and bones of dsh and ^ther 
The ujp:per Portlandian is largely made up of ^ 

which are often dolomitic, and distributed throughout it ar 
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marl, rarying in thickness ; the fossils from these beds come prin- 
cipally from the marls. 

In the neighbourhood of Bronets and Villers-le-Lac there are 
several sections in the rocks of this stage. Near Brenets it is seen 
as a thin-bedded, grey limestone, interbedded with fossiliieious marly 
beds. Then, again, both sides of the Lac-des-Brenets are formed of 
these Portlandiari limestones, and in this locality })resent a striking 
resemblance to the Mountain Limestone in some of the Yorkshire 
dales. Similar limestones are also seen below the Purbeckian 
beyond Lode, and the whole series is well exposed in the gorge 
leading from Neuchatel towards Valangin, where the following 
section was observed ; — 

C. Thick series of thin-bedded, compact, grey limestones. 

5. Thick, compact, grey limestones. 

4. Thin marly bed. 

3. Gray and compact limestones. 

2. Marly bed. 

1. Thick series of dark-grey limestones. 

The PurhecTcian of the Jura has attracted considerable attention, 
and has been fully described by Jaccard and De Loriol, and again 
by Maillard. Jaccard {ojp. cit. p. 176) makes out three subdivisions 
in this stage : — 

An upper grey, oolitic and fissile marl, about ^ metre (20 inches) 
thick, containing brackish-water fossils. This bed occurs at Villers- 
le-Lac, and also on the road to Valangin, near Ncuchotel. In the 
last-named locality it is represented by a marly bed, "which contains 
numerous scales of fish. This forms a i>assage into the overlying 
Valangian, and below it come some more thin-bedded marls and 
limestones, with fresh-water fossils. At Villers-le-Lac these bods 
contain numerous 67/.am-spores. 

The middle Furheckian is much more variable tlian the preceding. 
Below the freshwater marls and limestones there is a fairly constant 
bed of very porous and almost scoriaceous limestone, which passes 
down into (-layey beds containing numerous small bi])yramidal 
quartz* crystals, and carbonaceous material is sometimes present, as 
are also crystals of gypsum. 

The lower Piirhechian consists principally of limestones, and in it 
the following zones have been made out : — 

3. Limestono of scoriaceous texture {Polrmie cellukuse), 13 to IH feet. 

2. White, and sometimes oolitic, limestone {Dohmic saccharoide)^ with Car- 
dium villfjrcfise and Corbula inflea-a^ 6 feet 6 inches. 

1. Fissile, thinly laminated limestones, .34 feet. 

None of the sections observed by ns in this district showed these 
three substages, and in most cases only a small exposure was visible. 
At St. Imier greyish marly limestones with Limneva and PlanorlAs 
were seen belonging to this stage. The section at Villers-le-Lac, 
which is perhaps the most typical for the Purbeckian in the Jura, was, 
at the time of our visit, almost completely hidden by d(^bris ; we 
saw some thin grey limestones and marls with fossils, and below 
these came clays with g^^psum, and there were numerous small ciy^stals 
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of quaHz scattered about the surface of the ground, which had 
been washed out of the clay. The clayey beds with carbonaceous 
material and gypsum were seen in the railway-cutting near Lode. 

Marly beds of Purbeckian age were also observed north of Bte. 
Croix ; and further south, near Vallorbes, the following section 
occurs : — 

' B. Yalangian. 

2. Purbeckian: — 

{d) Vesicular and some compact limestones. 

(c) Compact grey limestone. 

(b) Scoriaceoti 8 limestone. 

(a) Grey marls. 

1. Portlandian. 

The section on the road towards Valangin, already referred to, 
was also visited ; and here again the succession was not clear, hut 
the heels of Purhcckian age wJiich were seen consisted of grey lime- 
stones and marls. 

The Purbeckian of tho Jura is said to be conformable to tlie Port- 
landian beds below, and to pass up without any physical break into 
overlying Yalangian ; and our own observations support this view. 

Prom the description of the beds in the two districts under con- 
sideration it will bo seen that tho various stages differ considerably 
in their lithological character and, to some extent, in their fossil 
contents. On account of these differences it is not always easy’" to 
correlate exactly the beds in these two parts of the Jura. In the 
accompanying Table (p. 2-1 D) a correlation is given which is pro- 
bably ap])roximately correct. 

In both areas we find the Callovian underlain by tho ^ Dalle 
' nacree.’^ The Callovian itself is, as already stated, but feebly repre- 
sent-ed in tho southern district, and the Fn- sou.'^-oa'fordien, so well 
marked in tlu' northern parts of the Jura, is scarcely represented in 
the Central Jura, unh^ss it be by the clayey bed in tlic upper part 
of the Callovian, which sometimes contains pyritoiis nodules. 

In the * Combe Gri'cle, near 8t. Tmier, where the Callovian consists 
of a thin chcriy hand, the Callovian oi‘ he northern district may be 
represented in part by the uppermost portion of the ‘ DaUo nacree.' 

The Oxfordian presents much the same palseontological character 
in both districts, and the correlation indicated in the table is, as 
far as can be gathered from the study of the fossils, correct. 

The Corallian of the southern district, according to Desor and 
Gressly (‘ Etudes Geol. sur lo Jura Nemdidtelois, p. 75), represents 
only the Terrain d eJiailles sdicenoc of the Northern Jura, and they are 
of opinion that the OoUthe coralUcnne and Calcaire d Nerinees arc 
wanting in the Jura Neiichatclois. About 50 per cent, of the 
fossils from the Corallian of the Central Jura are found in the Terrain 
d chailles si/tceaa.% whilst only about 8 species (out of 54) occur in 
the OoUthe coraUienne of the Northern Jura, and most of these 
appear also in the Terrain a chailles siliceua\ It is highly probable 
therefore that the correlation given by Desor and Gressly is correct. 
If this be the ceise, the question arises whether any part of the 
Astartian of the southern district is the equivalent of the Calcaire 
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d Nerinees ViTid Oohthe corallienne. From an analysis of the fossils 
it a])pears that of the ()2 species recorded (Jaccard, op, cit. p. 199) 
from the Astartiun marls of the south district, 35 occur in the same 
beds in the northern district, whilst 8 onlj' have been found in the 
Cahaire d Nerhu'es, and 3 of these range up into the Astartian. 
There are therefore only 5 species which connect the Vahaire d 
Nerinees with the lower division of the Astartian in the Central Jura. 
From these considerations it seems probable that these Astartian 
beds represent paloBontologically but little, if any, of the upper 
portion of the Corallian in the northern Jura. 

Table of Correlations of the Upper Jurassic in the 
North and Central Jura, 

Noutjibrn District. Southern District. 

Piirbeckiaii. Purbockian. 


Portlandian. 


Portlandian. 



Virgulian. 






Pterocerian. 


Pterocerian. 


Astartian. 


Astartian. 


/ Caleaire k Nerinees. 



d 

ca 

Oolitlie Oorallicnne. 


Corallian, 

<3 1 

1 

Terrain a chailles sili- 
ceux- 

1 



d 

c3 

^Terrain ^ chailles mar- 
no-calcaire. 


Pholadoraian. 

cS 

1 

Calcairo a Scypbies in- 
ferieur. 


Spongitian. 

d 

CCS 

^'Le Fer soiis-oxfordien. 


Superieur. 

.2 - 
1 

Zone of Am. macroce- 
phalus. 

L 


Inf^rieur. 

Batho- j Dalle n.acr6e, &c. 
nian. \ 

Q,J.0.8. No. 170. 


Dalle uacr^e. 

s 


Oxfordian, Gallovian. 




Correlatioii of Emlish and rr r • ^ > 

" ^ pp^'^r Jiiramr Deposits, accordinp to Oppel. 
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The Astarfcian bods in the two districts have many characters in 
common, and arc approximately on tlic same liorizon ; and the same 
may be said of the Pteroceriari, except that the latter is considerably 
tliicker in the southern district. 

It has already been pointed out that the Vir^uliari is hardly 
roprosonted in the southern district, unless it he by the marly bed 
at the base of the Portlaiidian. 

The two remaining stages, the Portlaiidian and Ihirbockiaii, .are 
found ])riucipally in our southern district, and those recorded from 
tlie one locality, Mouticr, in the northern district, are probably on 
the same horizon as those similarly nann^d in the southern district. 

3. CoilllELATlON. 

When the Upper Jurassic rocks of the Jura are t*ompared with 
those of England, one caiiiiol fail to notices the marked dissimilarity 
which occurs in their lithological clujractcr ; and this is best shown 
in the upper ])art of the series, which, in England, consists of the thiitk 
clays of Kiinoridge .and the more vari.ahle Portland and Ihirhecks, 
whilst in the Jura they are fonm^d of inassiv(‘ liim'stones. 'rhere is, 
howevi'r, a strong n seinhlance in soim^ of th<‘ lower beds in tin* two 
areas, and imh'od some of them ar(‘, almost identical in their litho- 
logic.al character. The (lillenmcc in the nature of the rocks is, of 
course, accom]).aiiied by a dilferonce in their fauna ; .and on this 
account it will not, in all cases, he easy to (‘stijblish the tnu' syij- 
chronisin of the sia,gos in the two count rii‘s. Ctortain well-marked 
zones arc^ present in both ureas, and these are of great service in 
working out the coiTelatioii of the nanaining /.ones. 

Oppol, in his Shira-fonn.ition Knglands, Prankiadchs und dea 
sudw(‘stlichen Dcutsch lands,’ corndates th(^ English Up])er Jurassics 
with those of tin* Swiss Jura as in the accompanying table, p. 250 
(extracted from his table no. <»1). 

The classification employed by t)]>i>el differs somc^what from that 
which is adopted in this pa]>er. llis zone 34 includes the Virguliaii 
and Ptcrocerian of later writers ; zone 32 is the ‘ ()olith(^ corallienno^ 
and the ‘Calcaire a ISWinthis zone 30 is the Oxfordian ; and the zones 
20-29 (inclusive) represent the Calloviau, of which 27, 2S, and 29 
are tlu^ ^ Fer sous-oxfordieii.’ 

In the years 1^57-410, Marcou's ‘ Lettres sur les itoches du Jura,’ 
&c., ap]>cared, and in them he attempted, amongst othcT things, a 
correlation of tlui Jurassic hods of the Fraiichc-cornto with those of 
England, and also rtdhrs to tlie same beds in the Jura. The only 
beds which he correlates with certainty are included in his Gronpe 
coralUen, wdiich lie makes the cijuivalent of the Coralline-oolite 
Grou]> of Phillijis. All liis other correlations arc queried (sec his 
table, p. 10 1). 

Waagen,in 1805, in his ‘ V^ersuch einer allgomeinen Classification 
der Schichten des oberen Jura ’ (table, p. 30), gives the following 
correlations of the English and Swiss beds. In the fourth column 
the classification adopted in this paper has been added. 

8 2 
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Prof, Blake, referring to Waagen’s classification of the British 
Jurassics, states that he can only make out a two-fold division of the 
kimeridge Clay — an upper ^ which agrees with that of Waagen, and a 
lotver^ wMch includes the Middle and part of the Lower Kimeridge 
of Waagen ; whilst the remainder of the Lower Kimeridge, together 
with a portion of the underlying zone of Gid, fiorigemma^ Blake in- 
cludes in his Kimeridge Passage-beds (Q. J. G. S. voL xxxi. p. 197 ). 

The following table is taken from Renevier's “ Tableaux des Ter- 
rains sedimentaires (tab. no. 5, Bull. Soc. V aud. vol. xiii.) : — 


Englanu. 

Purbeok Beds. 

Dirt Bed of Portland. 

Jura oroi dental, 
Marnes a Plamrbia Loryi. 
Marnos a Gypsc. 

Calc. doJoinitiquo A, Cor- 
hiila injlexa. 

Portland Stone. 

Portland Sand. 

Upper Ivimoridge, 

Oak;aire Portlaudien. 

Kimeridgi^ Clay a Exogtp'a 
virgula. 

Mamas A Osfrm virgula 
(Virgulion inrcrieur). 
Ptorocorien. 

Upper Calc Grit et Coral 

Jiag (parfi). 

? 

Coralline oolite a Lima 
rigida; ot 

Banorf a Cidaris florl- 
gcuima. 

Astartion coinpacto, &o. 
Astiirtien intirnoux. 

Ocdithe coralliene a Nf*- 
rinoes oi Diarras aria- 
fin a, et 

Calcairca cliiullcux. 

Terrain a cliaillcH a Glyp- 
1 iaus hierogfgghicus. 

Calc Grit a Odrea di~ 
lafata. 

( Pljoladomicn, 

Oxlordio.) 1 i.,.,bttuliqu(-. 

Calcain.. | 

Oxford-clay a A mm. Dan- 
cani. 

Marne Oxldrdicmie a fos- 
siicrt })yrilcux. 

Kclloway-rook a Amm. cnt- 
hjvien&in. 

Kclluvieii ferrugineux a 
Amm. anaajm ot Amm. 
'jnaarocaphalus. 


111 the subjoined table an attemiit has been made to show the 
correlations ot the authors referred to above, and it will be seen that 
they difier in several important points. 
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The lower division of the Callovian^ or zone of Ammonium macro^ 
vephalus^ as shown in the above table, is regarded by Oppel and 
lleiievier as the eijui valent of the lielloway lloek of England. It 
is a well-known fact that this rock is local in its development 
in England, and can only be r(‘gard<*d as the basement bed of tlio 
Oxford Clay. In Yorkshire, and again in W iltshire, this rock con- 
tains a fairl}^ distinct fauna. A complete list of the fossils from the 
Kelloway iioek of Yorkshire is given hy Mr. Hudleston (^Proe. Gool. 
Assoc. voL iv. p. *173), and twelve of them are roeord(>d from the ma- 
crocephul of the Jura. Veiy few of t hese 12 species, however, 
are peculiar to the Kelloway Itock, since most of tluuu range up 
into the OxhwdClav. Annu. mncroccjilKthm itself does not aj)pearin 
"Mr. H'lidleston's list referrt d to above, alllioiigh a variety is recorded 
from these bids (tleol. Mag. p. I-IT), the species is, however, 

recorded from the Je/V/</if-shales which imdiadie tht‘ Kelloway 
Hock, 'riiese shah'S alsi» (*ontain Ai'icnl.i echiiKtfu^ J{h f/nr/ion( Hit 
roni'inua '!n and \V(if</h,<uuna latp'mtl Is^ all o; wbichave channderistic 
of the iipia'r })ark of the Jlathonian of the Jurj). 

Dr. W'right gives (lie following arrangcmcul <ri the bi'ds wliich 
eonio hetween tin* Oxford Clay and tin* (.k)rtd>i-ash in W'illsiviro ( Proc. 
Cotteswold Nat. Club for IStJP, p. 2^7): • 

Oxford thay ---/one^d* .- 1 ///^. Jtfsnn. 

Kflloway Ji()<*k - /.one <.'r Atmu. r(i!l(H'ir))s(F. 

K<5llo\va\ HliJik*" - /.oiin .if ,///,/// ,Hmu'(Kuph,afiL<. 

(.’ora brash. 


The fossils recorded front the (Junibrash of Wiltshire*. (Wright, oy/. 
clt. p. 2tkr) include Phalmlannfti IhraiAii^ Avlndu ichuKita^ A, r*o.s- 
/((tif, TerAn'utfda lutt rnKtf 'vf . and Jihijiir}unirfl(( cDurituta^ allot whicli 
occur in, and most of the a a.r<‘ i-haracteristic, of, the n])]ter beds of 
the Jlathoiiiaii of llic Jiu'a. Of the ibssiJs wliieli havolx'en (collected 
from th(‘ Kelloway beds of this part of Knglaud ( oy>. e//. pp. 2b8 
and 201>) D> havt^ l>een found in the mu(v*o.;v 7 >//.fefe.y-/«uie of the Jura, 
but only one of thes(\ viz. ./Itftnt. nrfcronj^halns, is pijculiar to the 
Kelloway Ijcds. Siwi'r.ul <d’ the o/v/ff/^ev-grouj) of A inmojiiti;.s oeiuir in 
the zone of Anna, marroaphahis as well as in the oynrJyifjg ‘ For 
sons-oxfordicn ' : similarly they appear in tlie Kelloway b(,;ds and in 
the Cxford Clay. 

In the iJcilfovdsliire disirict the artnUns Ammonites have biaui 
found low down in tlie Oxford (day. and tbo same thing also oeeiirs 
at vSwiiidon (11.. H. NYoodward, 0. J. (i. S. vol. xlii. ]). 2i)r>j. 

From the alxwe remaiks, it may safel}' ho stated that the fauna of 
the Corjibrash links ii clo.^^oly with the upy)er hcfls of the Bathoniari, 
and that the lower division of the (Jallovian (zoin; of Anna, mucro- 
vephalm) is represe 2 jte<l in Kiigland ]>y iIk; Kidloway Hock or, 
when the latter is absent, ]>y the lower bed.s of the Oxford Clay. 

The fer soiis-o.i’f or dip'll has many characters in common with the 
Oxford Clay of England. Lithologically it is almost identical, and 
there are several species of Ammonites common to both ; and, 
further, these fossijs are pr(\‘«rrvcd under precisely similar conditions, 
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that is to say, they are pyritized. This sub-stage includes the zones of 
Amm, hiarmatm, A, nthleta, and A. anc^ps of ()j)pel, who correlates 
it wdth the Oxford (day of 8.\V*. England, and with the Oxford Clay 
and part of the Kclloway Uock of Yorkshir(^ Waagen and Rencvier 
similarly place it (jn th<3 horizon of tin? Oxford Clay. 

In Yorkshire, Hudleston {op. cii.) makes a tlirce-fold division of 
the Oxford Clays : — 

3. XTppcr, witli Amm. perarmataa^ rarely. 

Middle, will) Amm. Kugenii, A. 

I . Lower, with Ud. Ovwmi^ Ammonites Lambert i, A.athlcfa, A. oculatus^ 
and A. crcnafms. 


Further south, in Northamptonshire and Jiedfordshire, where 
there is hut a thin development of the Kelloway Rock, the following 
subdivisions liave been made out by Prof. Judd (“ 0 oology of Rutland,” 
Mem. (leol. 8urv. p. 2*A2 ) : — 

/. Clays with cordafi grouj) (d Ammonites. 

c. ,, ,, AmmoniteN of the grouj) ornati and Terebratida 

impressa. 

d. ClajH witJi Jidemnifes hastatns. 

c. „ „ Owenii, 

b. „ ,, Anrida nnda. 

a. Kelloway Sands, Ac. 

In tlu‘ south-west of England the two zones, an upper with 
cordaii and a lower with onudl Ammonites, hav(‘ also be('ii recog- 
nized (H. Ik Woodward, (h J. C. 8. vol. xlii. p. lilh*)). 

The list, of fossils from the * Imu’ nous-ox ford ion 'of the Jura Bernois 
given liy Crepjnn {op. vlt. ]). r)S) contains St) species, Uh of "wliich 
occur in England ut the following horizons respectively : — 

19 species in Oxford Clay. 

4 „ Lower Calcareous (Irit, 

1 „ Coral li an. 

2 „ range from Oxford Clay to Lower Calcareous Grit. 


The following fossils, amongst others, are common to the Oxford 
Clay and the ‘ For sous-oxfordien ’ : — 


Bolemnitos Puzosiami.s, }>' O. 
Amtiionit.es erenat us, Jlrng. 

IjJimlwrti, Sow. 

Maria*, I)' Orb. 

— cordntus, Sotv. 

otnilatus, Jdnt, 


Ammonites athlela, PbiL 

iIenri(M, D' Orb. 

perarmatus, Sow. 

Leda \Nueula) hichrvma, So^v. 
'J\'rt'bratula. impreesa, v. Buoh. 


It will bo seen therefore that both the conlatl and ornaii Ammo- 
nites are well roitresonted. in England Amm. p< ramiaius is found 
principally in the iipjx'r jtart of the Oxford but more commonly 
in the Lower Calcareous Grit ; in the Jura it occurs in the Oxfordian 
as weU as in the ‘ For sous-oxfordien,’ and this would indicate a high 
position in the Oxford Clay for the ‘ For sous-oxfordien.’ Gnjphiva 
dilaUitaf our most common Upper-Oxford-Clay /ossiJ, is, on the 
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other hand, absent from the ‘ Fer soiis-oxfordien/ hut is recorded 
from the overlying beds in the Jura. From these consi«,leratioMs it 
is clearly seen that the ‘ Fer 80 us-oxft»rdien ’ is r(‘j)resented by the Ox- 
ford (lay ol England ; but wlu'ther the former rc'presents the wliole 
of tlie latter is very diffi(‘iilt to decide. The‘ Fer sous-oxfovdieii ’ 
undoulitedly contains sin'cj-al sp(‘eies which occur in our Lower and 
Upper Oxford Clay ; hut some characteristic*, fossils <d' the latter 
siil)divisioii arc ahsent, and have heou found only in the beds over- 
lying the - Fer sous-oxfordic'ii/ and it is (piite j)Ossi])le that a portion 
of the Oxfordian beds of tlio Jura, may be the ecpiivahmt of the 
upper part of t he Oxford Clay of England. 

in our southern district of the Jura, it will ho rememhered that 
the Calloviaii is but foehlv dovelo]>ed a-s compared with that of the 
northern area. Jaccard's list of fossils (op. vit. j>. 2L‘0 from these 
beds includes 1 1 s]>ecies of Ammonites (some belonging to the vorduti 
and otlnu's to llu* onnili group) nearly all of which occur in the 
Oxford (lay of England. ui/nni. mdcrocejditdnH is liot r(‘eonlcd, 
nor is (jrpplont ihiatatn. llie representatives of our Kelloway 
Jlock and Oxford Cbiy, or at least the greater part of them, must 
he found in thes(^ Callovian IhmIs. 

The fauna of the Oxbn-dian IkmIs in the noribern ])art of lb(‘ Jura 
is fairly well maiia'd olf from the nnderiying (•all(»vian. irnka’d it is 
much more clo.sely allied (o the (’orallian. Out of tlie 151 species 
recorded from these in-ds CL'(‘p])in, oy>. e/V. ]>. (^^)55 ptiss u]) into tho 
‘Terrain a chaiJles silieeiix,' whilst .ofily L’ oeenr iii tin* (Jalloviam 
Amongst, (h(.‘ j 5I s]K(i'‘-> iln-re no jess (liati 51 English species 
coining i'roin Uie following lioii/.oiis — 

Jjowm* Oolites 2 8j)e,cieB. 

Oxford (lay ,, 

Corallian ( ijicluding tin* Lower Calcareous Orit) ,, 

Oxford (lay and (..'orallian 21 „ 

,, ,, and (Jorn brash 1 „ 

Kimcridge Clay I „ 

51 

The species peculiar to our Oxford (Jlay an^: — 

rronatuH, iir/ff/. 

TiTobratulu inipn-.-'Su, Ihn h. 

And Buch forms as -<*1 />/?>?. p^ rannoin^, A una. cordaUx^., Amni. convo- 
lutus, and Orppliiut. ddahtta ar<r also ]>rcscnt, whicJi in England 
range from the Oxford f lay to the Lowoi- Calcareous Orit. The 
evidence derived tlom these fossils sripjforts the view already ex- 
pressed, tliat a portion of the Oxford (lay of England is on the 
horizon of the Oxfordian of the Jura. 

* In wurkiiig out the rango of the KngUli fossilri the foIloM'ing lists have 
been used : ■ orris s CaUiiogue of liritish i'ossiJs ; jJudloslon, I roc. (ieol. 
Assoc, vol. p. ; Blake ec iludleston, (^. 1. U. S. v 1. for 1.S77 ; {Sedgwick 
Essay for 188t5, AIS. 
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As stated above, there are 23 species common to the Oxfordian 
beds in question and the Corallian of England, and further most of 
the 21 species which rangi; from the Oxford Clay to the Corallian 
are more characteristic of the latter than of the former. Of the 23 
species which occur in the Oxfordian of the Juia and the Corallian of 
England, 10 are fouiid in the Lower Calcareous Grit, (i of which are 
peculiar to that horizon, and 1 1 out of tlic 21 species which range 
from the Oxford Clay to the Corallian have not been 1‘ound above 
the LoW'Or Calcareous Cjit. The (i species peculiar to the Lower 
Calcareous Grit arc: — 

A canalifulatus, Miinsf. 

Ilenrid, D Orb. 

Pholadoinya coiicinDa, Ag. 

cingulaia, Ag. 

Rhyuchonella Cl'hurmaimi, Ur. 

MillerieririUH echlnatAis, Sv7t(. 

The last-iiaTued s})eci(^s is one of' the most characteristic fossils of 
th(^ lowuT hods of tlu' ( A)railiaii of England : in the Jura, however, 
il passes up from Ihe Oxfordian into th(‘ Terrain a chaill(‘s silic('nx, 
and th(^ Hame may lai said oi JilnfuchoiuUa Thunnimnl. 

'flic fauna of lht‘ Oxfordian oj‘ the Jura has certainly a distinct 
( V)raJlian /hre. S’, and appears to he closely allied to tht^ lower part 
of the Kiiglish (Vu'allian. From ijalieonlological considerations, 
therefons this 8t.Mg(^ musl he regarded as th<‘ e(piivaient of the 
Low’cr Calcareous Grit, togetlier with a pari of ihe undoilying 
Oxford Clay. 

In the southern district of th(' Jura, hS s])orics are rccordi'd from 
the Spongitiau (Jaccard, oy). <•//. ]>. 2(th), atid 2-1 fiA)m tluj Pholfulo- 
mian {Ihid, ]). 2tli7). Niiu’ s])eoi<‘s of tin' former noeur in Kngland. 
7 of which arc (Vu’alliau ami 2 Oxf(*rd Clay. The 21 riudadomiau 
fossils includes J licit ish sp('cics, 2 comiiu.'; from tln^ Corallian and 
the same number from the Oxford (Jay. d'ho evidence oblaiueil 
from thesis fossils jxnnis to much the same eouclusions as tlios(^ 
arrived at iihove. 

The yVrru/';? d r/onYA. S’ .svV/cena* has yielded 17^ sp(‘cies (Greppin, 
op, cif. p. as ahx'ady stated. 55 of these are common to the 

Oxfordian, wdiilst, 11 j»ass up into the a 5Vv’5//Y.v, excluding 

those fossils which range up from oiler beds. The fossils from the 
‘Terrain a cliailles silie<'ux ' include 5 l' English species, 3 f of Avliieli 
are exclusively (Viralliaii, n range from the Oxford Clay to the 
Corallian, and the remaining 10 an* Lowtu-Oolite forms. Tliere i> 
little doubt, therefore, that the ‘ ’I'errain a chailles siliceux ' of the 
Jura is on the samt' hoi’i/.on as some ])ai1 <^f the English Corallian. 
The latter has been fully described by Llakc and Hudleston ((L J. G. S. 
vol. xxxiii. p. 2(>0), and they have made out the following sub- 
divisions of these beds {op,i U. p. 3S0):- 

<>. 8uprucondlin«' Hcds, 

5. Rag. 

4, Ooralline Oolit*'. 

3, Middle Calcareous Grit. 

2. The Jjower IJmestoTie or Hambleton Oolite. 

1. Lower Ortlcnreous Grit. 
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The question arises how many of these subdivisions represent 
the " Terrain h chailles siliceux.^ AVe have already seen that the 
Oxfordian is on the horizon of the Lower Calcareous Grit, and some of 
the fossils from the ^ Terrain a chailles siliceux ’ also connect it with 
the Lower beds of the Coralliau, as for example : — 

Gervilliii avieuloidcs, Sow. j ^Millorieriuns oohiiiatus, Sch/. 

WulcUitamia bucciilontu, Sow, Grypliiva dilatiitn, Sow. 

Rliynchondla Tliuriuaimi, Sr. | Ueiemaitos hastutus, Blainv. 


None of those occur above the Ilambloton Oolite in England. 
The siliceous beds in the Jura also contain ; — 


AnimoiiiU'S plicalilis, Sow. 
Clieiniiitzia UcddingioTH'nsis, Sow. 
Ostrea duriuscula, 7V//7. 

Lima jicctiiiilbniiis. Sc hi. 

IVivbrat Mla iasi^nis. 

Ci(l^lris IJorii^cmmu, /'////. 
lleiiiiddaris iiiU'rmedia, / 


riuidanolla driiita, Sow. 
'J’rififonia monilifera, Aif. 
Myfiiuy pet'tiiialuy, Sttv'. 
(ilypticus liiiM'ttglypbiciis, A(f. 

fry rat us, .Iff. 


All of tlu'S(^ are clinracterisik* of (h<‘ Coralline Oolifo and (Joral hag. 
'I'ho sul)-/.oiu‘ {\[ Jlor’hft mr,m (('oral llag) is maikt'd in Kiigband 

hy the abundanoe ui‘ lliis Kchinoid, and it is in fact almost limited 
to this lierizon'^. In the Jura it makes its first ap})eM.raiici^ in the 
"Terrain a Cliaillis silicenxj and e\t(*nds iij) to the rhaoeeriaii ; as 
far as was s<en by us, however, il oeeui's almndanlly (.mly in the 
‘Terrain a Chailles silieeiix.' O/if/dlras }iin‘o{/ltij>Jiic(is is also fairlj^ 
common in tln'sii lusls in tho Jnra, altlmiigh il is said to range 
into [\\v. ovei'l\iiig ‘ Oolitlie corailieniie ’ and " Calcuin^ a Nfn’ini'es'; 
in Eughuid il is ennfmed to Die Ct»ral Kag. On ])alaioii1ological 
groiuals tlnn’clbre tlie *■ Terrain a ('haillits silic.(‘!ix,’ wdiile probably 
repr<*s<mting* souk* portion of the lower divisions ol‘ th<^ Coralliau 
{€.*/. (he liainblel(m Oelib*). must also he. n'garded as t li(> (MpiivaifUil 
of lli(^ ot her subdivisions of tlu^ (ktralliun of England, U]) io and 
ineluding a ]»art at least of the (^jral Itag. 

It lias alriaidy bt'en sliown that lln^ (^)rallian ol' the southern dis- 
trict in th(.‘ Jura ])robal)ly rf'presents only l]<e ‘ 'rfOTaiu a (’liailh'S 
silie<.'ux ^ of (he (iisl ricl I'urtlier norili. Jaceard {ifp. cit. p. givc's 

a list of r»r> speei('s from these hods, of whiidi ficcur in tlie liritish 
I'orallian, and \'J. belong (exclusively to the (’oral Rag and (./(jrallinc 
OtJite. liens ttgain, the evidmua*- is elearly in favour of the corre- 
lation indicahal above for the ‘’Terrain a Chailles siliceux.’ 

The i'lindlivinir lias, as aln;ady shown, Ikumi recognized 

only in tho northern distrieX of the Jura, and has ^iiibhal a fauna 
(ionsisting of J 1 sjx'eic.'s. In of which occur in tin' ('oial Rag and 
Coralline Oolile of Engiaiid. Tliese It) s]»''fies iiu'linb* — 


Annuoiiitcs plii-iOili-i. Snir, 

XcriiJtVM Hu'ineri, 1 

— — — visurgis, Ihttn. i 

Oeritiiiuui iiiincforTnc, liftn. i 


'’rriiZoeiii Mcriani, J//. 

T«uv*l>j'at ula. iii^iguis, SchO.h, 
(flyptiens hicru; 4 ly))Iu‘cu.H. (uddf. 


It is recorded from th<* Kimeridge PasHagc-lxule by Pi'of. 
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The fauna connects these heels also with our Coral Rag, and they 
must be regarded as belonging to that horizon. 

'j’ho ‘ (klcaires ii Nerinees,’ which are tlie same as the /)/c^rrt.s-l)cds 
of Oppel, iin\ by liiiii, stated to he probably represented in England 
by part of tJie Kimeridge Clay, and ]>n)bably also by the Upper 
Calcareous (irit {Oft. nt. tab. p. HOij); in his tab. no. (>4, however, 
be j)laci'H t hem on t he horizon of the Upper Calcareous Crit (?). 

The list of to.ssils from these ^V/-///.f/'o-hef Is contains Jb2 species 
((j}rej)f)in, np.vlf. ]>, HS), of wltich are Jiritish ; 2 only of those 
are resi rioted to our Kimeridge Clay, viz. Turbo ./util and ./{ostellaria 
rnoarusiff, t are Jjowtu’-Oolih; forms, whilst the remaining 22 species 
are (Joralliaii. Out of these 22 sj)ecies — 

Vd occur in the Chral Hag. 

2 occur in tlie Coialline Oolite. 

H occur in th(i Coral Rag and Coralline Oolite. 

4 rang<‘ from Oxford Clay and Lower Calcareous Grit 
— to t he (Joral Rag. 


I'ho (Joral Itag and (Coralline 0<»litc species irudude — 


Nornura Kdancri, (iaftlf. 

I ([iijilicosta, A7. 
'JVn’bral uln, SihUf). 

(/idaris PhU. 


Tlifcosiui 
Th.muiust roM cmicii im, (ivliU. 
Slylitia luhulilVra, I'hi(. 


J lomifiilaris Firm. 

radiala, I* hill. 


All ot tlu'in b(h>ng to our (N^ral-Rag fauna. 1 1 lias already been 
stated that these AVr/b/o ^/--limestones are, in some localities in 
the Jura, crowded with, corals, and Iktc they wtu'e nndoii))Ud]y th(‘ 
Hil('s of old coral-reefs. Many of I la* eorals in lh(‘s(‘ na'fs ai'e similar 
to those wliich oceur in rucks having mueli the same eharaeU r in 
England, and which are, for tin; most part, of Coral-Hag age, although 
not cxelusively so, siina' some are kiniwn fn»m tlie I ]>]jer (!alcaieoiis 
Grit, as, for examidc, the reef at Hingsteiul Lay (Llake and lludlc- 
Bton, Q,. (J. S. vol. xxxiii. j». 272). The most striking ditference 

between the coral fauna of tlie Lritisli Covalliaii reads ami those of 
the .lura is tin; larger nuinbtT of species in the latttu'. J’rot. Jvoliy 
informed ns that about 2UO s])eei<*s bad been desi ribed fn)m theses 
coral-bearing beds at Ciujiierelle. This richer eoral fauna in the 
Jura may be diu* to a more' suitable climate' for ctual-growth having 
oxisteal there than in Hnglaiul. Noinuayr lias shown that trojiical 
eoiulilions prevailed in tlie ivgion of the^ Jura during Jurassic times, 
whilst in England tlu' climate was more temiperate. Tlie inere^ l»resence 
of coral- read’s in the ‘ Cal Cairo a ISediink's ' of the Jnra. anel in the 
Coral Hag of ihiglaiiel, doe's not by any means prove that they are of 
the sanies age ; when, however, the number of fossils, corals as well 
as liigher forms of life, which are common to both are taken into 
consieh'ration, it scorns highly probable that they belong to ajiprox- 
imately the same period. The • Calcaire a IS e'‘rine.4^s ' contains no 
Uppcr-(hilcan*ous-(hit and only two Kimeridge-Clay fossils, so there 
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is little or no evidence to show that they represent any part of our 
Upper Calcareous Grit or Kimeridgc Clay. It is possible, and, 
indeed, api)ears to be highly probable, that the ])eriod during which 
coral-reefs tioiirislied in the Jura may not liave teriiiimited at the 
same time as in England ; if sucli was the ease, tlien (ho coral- 
reef fauna would liavo survived as long as (he ])hysical condi- 
tions were favourable, with little or no change. That sucli was the 
ease in England is shown by the fossils of the Uingstead-Bay reef, 
whieli siratigraphically eomc's immediately below tin* Kinieridge 
Clay, 5'etit8 fauna is precisely like that of the Coral Hag (Blake and 
Hudlestoii, Q. J. G. B. vol. xxxiii. p. 1^72). It the two Iviimn’idgo- 
Clay species which are recorded from the ‘(\'doairea Nhh’iruk^s ' he 
taken as an indication of the comineucenieiit of (lie introduct ion of 
the Einieridgian fauna into the Jura, we may then regard the ‘ Cal- 
caire a Xihdiiees ' as licing re])rcsentod in England by a portion of 
our Coral Rag and the whole of the ll]»per Calcareous Grit, and wliat 
othiir evidence there is would not be opjmsed to such a view. 

The three stages which overlie the Coral iian of tlu» rhira, viz. the 
Astartinn. Bteroeerian, and Virgnlian, arc eh»st‘ly united together, 
both in th(‘ir lithological character and in their iauna, and by some 
geologists are included in one group, wliich they term tlu^ Kimcr* 
The yist((rfi((n is regard(ul by t)p])('l and Waagen as re])re- 
sonting th(‘ lowia* jiart of the Kinu'ridgc* ('lay ; but Beruwier phices 
it on tlie liorizori of th<^ uppiT j)art of our (.\)rallian. B]ak(‘ ((h .1, 
G. S. vol. xxxvii. p. eorrelaU's tlu* Astartian of Franc(‘, 

which, from its fossils, appears to he thi^ sauH' as (hat of th(‘ .Jura, 
with tin' KiiiK'ridgo Bassagc'-heds, including the Abhfdshuiy and 
Westhuiy ironstone, and witli the basal j)ortion of iln^ liower Kiiner- 
idge (Jlay. 

Grep])iii (/;/>. a/. ]>. 1 B1 ) gives 21 1) speeie.s frojn the Astartian of 
the Boi'iiois (listriet, ht of vvliich occur in Kngl ainl at tlna following 


horizons respectively : — 

Lower ( lolites 2 

('ora.lliuo Oolite and (’oral Rag 15 

Kimeridge Passage-beds (including the Abbots- 

bury Ironstoni') 7 

Kimeridge i*a8Bago-bcds and Lower Kiineridgo 

(^lay ; 7 

Upper Kimeridge 1 

Corallian and Lower Kimeridge 8 


40 

The Kimeridge ('lay of England luts Ixxm fully descrilxjd by Blake 
((j. J. G. S. vol. xxxi. p. 100), and the following fossils, amongst 
others, be regards as being peculiar to the KimeriOge Passagesbeds 
(including the Abbotsbury Ironstone) : — 

Natica eudora, D'Orh. Area sublata, JJfOrh, 

Pleuromya Voltzii, Ag, Luciaa plebc'ia, Cktufj. 

donacina, Ag. Rbynchonella inconstana, How. 

Gouiomya par Tula, Ag. 
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These 7 species are found in the Astartian of the Jura, together 
with the following Lower-Kimeridge-Clay forms : — 

Strophodiis retie ulatiis, Ag. Astarte supra corn Hina, D'Orb. 

Natica tnicrosco])ica, Cont}. Terebratula Gesiieri, Et, 

Pleuroinya tcllina, Ag. Ciclaris spinosa, Ag. 

Area rhomboidalis, Coufj. 

From these Usts it will he seen that the Lowor-Kimeridge-Clay 
fauna is well represented in the Astartian of the Jura. As stated 
above, 15 CoraUian species also occur in these beds, and some of 
them range up into the Ptcrocerian ; but these fossils must bo re- 
garded rather as the dying-out of the Corallian fauna than as indi- 
cating any affinity of th(i Astartian of the Jura with the Corallian of 
England. It must he rememhered that the Astartian beds are 
formed principally of limestones, with hut little argillaceous admix- 
ture, and the absence of the lalter mat(Tial would ht^ favourable 
to the ])rolonged (‘xistence of some portion of the Corallian fauna 
of the Jura; whilst in England the (Vmillian fauna for the most 
])art disa])j)oared at the ii»t.rodiiction of the great clayey ])criod 
at the close of <!oiallinii times. y\(imittiug this to be the case, 
the Astartian must- la* regarded as r(‘pre.s(ajt ing jiart of our Lower 
Kimeridgo (-lay and Ivime.ridge Passage-heds. lilako makt^s the 
beds with (hirea ddioUlen Ac., at the base of tlu^ Low(‘r Kiinci- 
idgo, the upjMU' limit of t-lu^ Astartian in England : but there 
appears to be some (widciUMi for iuclnding a larger portion ol our 
L()Wt;r Kimeridg(^ in t I k* Astartian. Asf(iri< Hepnicorairnut hasheeu 
found in the Jura <mly iu the Astariian beds, and this fossil, or at 
least a foi'iii which is very hard to (iistingnisli from it, o(^curs 
fairly commonly in tlu^ Low(‘r Kimeridge Clay of England, and has 
also been reeordi'd from the Saiidsfoot (lays and (irits (Supraeoral- 
linebeds of lUake and II ndli'ston). In (’amiuidgc'sliire the following 
zones hav(' beiai made out in tlie Low(‘r Kinuaidge Clay (Sedgwick 
Essay for ISSb, ^MS. ): — 

d. (lays crowih'd witli E.voggya rirgtfhf. 

Ik Cla}s with aUt ruans. 

2, ,, „ A.sfff/ fi- tinjtrai'oraUi tia. 

i. „ „ (hfrra ihltoiduK 

The fossil eharaelt ristie of zone no. 2 has not, as yet, lu'cn 
found in this district above that horizon. If tlie range of As^Uirie 

prim) mil hi a., which is elianicteristie of the Astartian. ]>e ot‘ any 
value in indicating the limits of the etpiivahnts of the beds in 
the two areas, the clays eontaiiiing this fossil in Kiiglaiul should 
certainly be included in the Astartian. The (dher J.ower-Kimeridge 
fossils which are present in the Astartian of the Jura also support 
this view. 

The fauna of the Astartian beds in the southern district of the 
Jura has much in common with that of the northern district, and a 
comparison of their fossils with that of the Lower Kimeridge of 
England points to much the same conclusion. 
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The Pterocerian fauna of the northern pai*t. of the Jura contains 
181 species (Greppiu, op. cit. p. 110) : 31 of tlieso pass down to fhe 
Astartiaii, 14 also occur in the Virf^uliaii, and 1 7 arc common to tho 
Astartian, Pterocerian, and Vir^ulian, and there are 0 species which 
have a somewliat wider range : this leavers about 120 species peculiar 
to the Ftoroecrian. The 181 spcci(^s include 31 which have been 
met with in England in tho following beds respectively : — 


Lower Oolites 2 

Corallian 8 

Kimeridge Passage-beds and Jjower Kiimn idge . . 14 

Portland Beds 3 

Banging from Coral Bag to Kimeridge Passage- 
}>cds 5 


Banging from irp])er Calcareous Grit to Portland 
Beds 


The 14 Tvim(Tidge-(lay species include (> which pass up from the 
Astartian ; tlie following are the remaining 8 s])ecies : — 

rot,und;tl us. \t?r. Vrrigoniti nniritrnla. (in/df. 

Ncritonsi* rlf*] |)liiiiula, D'Oi^k *Ast!irl(‘ p(‘solin:i, (%uif j. 

Pholfalomya acuticost a, StKf. (’ardium psoudoaxinus, Thunti, 

().slr(‘a Bruijlruhiiai, I'lnirm. 

'fhe two species marked are also rccord(‘d from the Virgulian, 
Tlio commonest and most characteristic fossil of this sta.g(i {Hi roccras 
oci'o ni } has uoi\ as yet, beem found in England. Th(^ Ab])oisbury 
Ironstone has yielded a sp(5ci(‘s of Ptei'ocems ((L 1. G. S. vol. xxxiii. 
]). 27-1); this de]M)sit is, as already stated, included in Blake’s Kim- 
ei'idgc Passage-) H‘ds, and is too low in the series to bo correlated 
with the lh<'ro('(*rian. No true i^terocerian fauna is known to occur 
in England, tliongh. as Blake ]>oiTits out (ti. J. G. S. vol. xxxi. 
]>. 217)), ‘‘ s(‘yeral o! tln^ h‘ss ])cculiar fossils of that group are found 
associated witli Jx)\^aT Kimeridge forms,” a stateirumt which fully 
agrees with IIk* conclusions to he derived from th(‘ fossils ({noted 
above. In tin* absmice of a Pterocerian fauna in England, it is 
of course difficult to find their (‘.(piivalents in this (jountry ; whai 
evidence there is clearly ])oinls to somt* jKirtion of the Lower Kim- 
eridge of England as btang the representative of tin* i*tero(tenan 
of tho Jura. Blake, in referring to the Ptmocijriun of the Paris 
basin, slates that the stage is adopted solely in deference to its 
prohabh; justification in the area where it was first introduced, 
nanudy tlic Jura, and to its distinctness pahrontologically wlien the 
fo'sils of any locality have been studied. Neither in the basin of 
Paris, nor in any other part yet studied, is it sufficiently distinct to 
be of much importance in the field” ((J. J. G. S. vol. xxxvii. p. 378). 
It has aln'adv been shown that in the Jura the Pteroccuian fauna is 
very well marked, and it would appear that it diminishes in impor- 
tance in a north-westerly direction, and disappears altogether before 
reaching England. 
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The Pterocorian fauna of the southern district of the Jura is 
poorer in species than that of the nortliern, since it numbers only 
species (Jaccard, op. dt. p. 17 of which occur in England (J) in 

the Corallian, 4 in the Ijower Jviraoridge, 1 in rp})er Kimeridge, and 
3 range from Corallian to Lower Kimeridge). Kvoffjjra is 

recorded from these beds, but a])parently docs not occur in any 
abundance. They may, however, represent a portion of the \ir- 
gulian of th(i northern district, which lias not licen recognized as a 
distinct formation in the central Jura. 

Grejipin {op-dUp, 118) records 118 species trom the Virgulian 
of the Jura Bernois, and tin's includes 21 British species, of which 
1 occurs in the Lower Oolites, (> in the Kimeridge Passage-beds 
and Lower Kimeridge, 1 in the Upper Kimeridge, 3 in the Port- 
land Beds, wliile 7 range from tho Corallian to the Lower Kimeridge, 
and 3 from the Corallian and Lower Kimeridge to the Portland 
beds. The Lower- Kimeridge forms arc : — 

Aminonit-es longispimis, Sov\ Astarte pesolina, Contj. 

Aiiatina parvula, Et, Lima virgulina, Contj. 

Area sublata, UOrb, Exogyra virgula, Desm. 

Four of these fossils are ])eculiar to the Virgulian of the Jura. 
Tho upper bods of the Lower Kimeridge Clay of Cambridgeshire are 
crowded with Eocogyra viryida (Sedgwick Essay for 1886, MS.), 
in fact one hod is for the most pjirt made up of the shells of this 
small oyster. Precisely tho same thing occurs in these beds in the 
Jura, the only difTeronce being that in the last-named locality the 
matrix in which the fossils are imbedded is slighily more calcareous 
than the zone in England. AiomonUea lotKfispwus is associated 
with Ev, vmjula in tin* upjuT portion of llie Lower Kimeridge 
of Camhridgeshin^ Elsewliere in I'higland />h-. viryidif has liemi 
commonly met wdtli in 1 he J^ou er Kimeridge, ami exi-eiids into the 
lowxu- part of the Ujiper Kim(‘' idge ; it is, however, more character- 
istic of the former subdivision. Tho pabeontological evidence 
therefore jioints to tho u}>]mt division of the Low'or Kimeridge Clay 
of England as being Mie equivalent of the Virgulian of the Jura ; the 
latter sliould certainly be placed on the horizon of t he viry ala-hQH at 
Ely, and probably also on that of the zone of Amm. which 

underlies this. I’dako correlates the Virgulian of France with that 
})ortion of the Lower Kimeridge wdiich overlies the zone of Ofitrea 
deltotdm Ac. ; but w^e have se(‘i) reason to believe that a part of this 
is on the horizon of the Astartiaii of the Jura. 

Tho Portlcmdian of tho Juj*a, although of considerable thickness, 
contains but a poor fauna. Jaccard (ojj. dt. p. 187) records 47 spe- 
cies, and (irepjiin (op. cit. p. 123) 35 species from this stage ; deduct- 
ing 8 species common to both lists, this gives a total of 74 species 
from the two districts. Amongst these there are no less than 

* Oppe) (ojp, cit. p. 751 ), appavouily referring to tho Pterocorian of the Bern 
district, mentions the oocnrrenco of a solitary specimen of Exogyra virgula fr< 
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16 species wliicli have been met with in the PortLindian of 
England : — 

Ammonites gigas, Zief. | Cyprina Brongiiiarti, PicL 

Oravesiamis, d'Orh. Ijiiciiui portlandica. Sow. 

Ti'igonia concent rica, 

Is’ati(ra IMareousana, | gibbosa, y//"/. 

- elegans, Dc Lor. Myl.iliis bolonit'nsis, Pc Lor. 

!t:Pleuromya telliiia, Jc/. Pinna su])nijurensis, D' Orh. 

Plectomyn rugosa, liom, Pecten 8ii])rajiir(‘nsis, ly Orb. 

Cardium dissiniile, iSbze. j Perna Bouchardi, 0pp. 

Also ranges down to the Corallian. 

The three first-named fossils in the list are quoted by Judd from 
the Portlandian of Speeton (Q. J. G. 8. vol. xxiv. p. 2*J8), and the 
others are found in Elako’s list of fossils from the Portland Hocks 
of hingland (Q. J. G. S. vol. xxxvi. p. 235). The above list clearly 
shows that the fauna of the Portlandian of the Jura is closely allied to 
that of the Portland rocks of England, and this is more es])ccially tho 
case wuth the Portland beds of Speeton, as stated by Prof. Judd {op. 
cif. p. 238 ). Neither in Gre])pin’s nor in Jaccard’s list of Portlandian 
fossils is there a single species characteristic of tin) U[>p(*r Kimeridge 
Clay of Jhigland, although it is highly probable lliat these beds are 
partly the representatives of the J^orthiiidian. Wo have seen that 
the beds which underlie the Portlandian, nanuJy, tlie Virgulian, are 
probably represented by the upper j)ortion of the Lower Kiineridg(j 
Clay. If such he tho case, then the Upper Kimeridge must repre- 
sent, in time at least, a ])art of the Portlandian of tlu^ Jura. JUake 
correlates the Portlandian of the Jbiris Basin 'with tho Upper 
Kimeridge and Portland bods of England. Waagcri and Renevier 
do the same for tho Portlandian of the Jura, a view wliieh, from 
I)ala)oiitological and stratigraphical coiisidenitions, appears to bo 
.correct. 

The Purbeckiaii of the Jura has, as already stated, been fully 
described by Jaceard and I)e Loriol (Soc. Phys. et d’llistoire Nat. do 
Geneve, vol, xiii.) and also by Maillard (^Mchn. 8oe, Pal. Suisse^ 
voLs. xi. & xii.). From palaeontological considerations, Jaccard and 
Do Loriol regard the Purbecki.an of the J uraas the equivalent of the 
Pnrheck beds of Fhigland, of wdiich it re])rese]its the JMiddle and 
Lower divisions (oj). rit. p. ()4). jVJailhird arrives at exactly tho 
samo conclusion (op. cit. vol. xi. p. 133). JIo states tliat 16 of tho 
Pnrbcckian fossils occur in England in the following beds : — 

Throe arc exclusively W<nilden : — 

Lioplax inflate, Sandh. Uiiio Bubtruncatus, Sow. 

Psaminobia tellinoides, Sow. 


Three species are found in the Wcaldcn and Purbcck : — 

Corbuln alata, Suw. Cyrena media, Sotc. 

Cyrena aiigulata, 

Q,J.G.8. No. 170. 


X 
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Ten species occur in the Purbeck : — 


Oypris purtieckengis, Forbes. 
Phywi Brifttowi, Forbes. 

Wfalrlicn.His, Moil lard. 

Lirnrura phygoid^n, Forbf..'<. 
I-/ej>toxig Huhanp;ulata, Sa/ndh. 
Vulvata beliroidcH, Forbes. 


Hydrohia Ohopardi, Sandh. 
Corbulu duristoncMisis, Maillard. 

K<jrbegii, J>r Lor. 

Prol ocardia purbeckeiisis, Mail- 
lard. 


He fiirtlior mlcls that, the fauna of the U])p(T }»racki8h beds is 
found exclusively in the uj>j>er ])art of the Middle rur])eeks of 
Phiglaufl. Maillard {oj>. cit. p. gives the fojhnving lahle of 

correlations ; — 


Jriev. 


Coiichcy Stti!ruatr<*fi snperieuros. 


Couches Jiyinplw'cniics, 


Mnrncs k gyt)se. 




Miveaux a fowsilcf^ SauJiiatres. 

Faum*H priiicipalenicnt deau 
ddUOO. 


I Dirt Beds. 

h<»wi*r J'urbtrek: Oypse a, Durl.slone 
n.'iv. 


J^olondc Bacclinrouh* a Corbnla in- 
Jle.ra et Ciprna rtu/osa. 


l\irtlajali(*n a Cf/rcaa rvf/osa. 


The paheontological evidence is undoubtedly in favour of the cor- . 
rchilion abov<‘ inenlioncd. If so, then the reprt\sentatives of our 
Upper I’urhecks must be sotijrht fur in the Vahmgian of the Jura ; 
the latter, however, is a marine de})«»sit. and the former freshwater, 
so that ill th(' ubsotice of fossil eviileiice tlic correlation must be 
made ])urcly on stratigrajdiieal grounds. 

In the suh-Wealden boring it: was shown that the lower portion 
of the Purbeek Beds contained a ijuaiitity of gypsum, which a])pear8 
to be sornewlial similar in character to tliai of the lower part of the 
Purbcckian of the Jura. If our correlation be correct, it is rather a 
remarkable coincidoiiee, that the same ]>ii) sical conditions prevailed 
during a portion of this pmaod at such widely separated localities. 

In the subjoined table an attempt is made to summarize the 
correlations arrived at in this part of the paper. It would appear, 
in some cases at least, that the changes in the physical conditions 
which caused the termination of one stage and the commencement 
of the succeeding one did not take place synchronously in England 
and in the Jura, and on this account the faunas, as it were, some- 
times overlap. Hence the difficulty of exactly defining the equi- 
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valeiits of the stages in such wideh^ separated areas, and the lines 
drawn in the table can, in some cases, only be regarded as approxi- 
mately correct. 



[Kote, A])ril 2‘i. — Tlic fossils from the Lower (ireensand of 
Upware, whieh liavc Ixu'n referred to tlio genus include 

two spix’ies figured by !Mr. W. Keeping ( Sedgwuck Kssay for 187th 
pL iii. figs. 7 ^ 8) and some undoubtedly derived forms {op. vit. 
p. 4')). Since the (piestion of the occurrence of in the 

Lower Greensand of Britain w’as rais<*d, the two ahove-inentioned 
figured specimens have been sliced. The inferior of these sliells is 
filled with the deposit in which they WTre found ; and this, together 
with tlieir mode of preservation, clearly proves them to be of Lower 
Greensand age. 

T 2 
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Tito t^xtemal form of the two fiji^ured six^cios is not unlike that of 
soraf3 Nerinrefp. ; hut on examining the inside of the wliorls and the 
columella, the Hjnral thickenings or folds, so characteristic of the 
genus Neruvf a, are not seen, nor is there any thing to indicate them 
in eitluu’ Hp(^cimeM exc(‘pt the “ two broad faint grooves seen in 
places upon the inside cast/’ mtuitioned by Mr. Keeping (o/>. cit. 
p. iM ) as occurring in N. tmnUla. 1’hesc faint groovtis are iiii- 
doubt(;d]y due lo a sligljt variatjon in the Ihiekness of IIk; shell, but 
are totally difli.'rciit from the spiral thickenings of N>rin<t'a-. 

The sp(‘ciin<;iis liav'e been sul)iuittc*d to Mr. lludkrslon. end be is of 
opinion tliat sp. (op. cif, fig. 7 ), i'^ an undoii)>U‘d (A ; 

and that .V. Inmldn. K<‘ej>ing, belongs to the Oerithladie rather than 
to lb(^ Neritiahke. 

Th(^ other sjK^rinieTis, being derivatives, nniy have come from the 
underlying Corallian. j 


JfiscrssToN, 

Mr. KTHKHTFKn: said it. was difUcult lo critiei/F3 this ]).'iper until 
it n])pcun‘(l in julnt. It dealt with a nniss of detiiil, end .Mr. 
Koberts bad bad ]>e<*uliarly favoural)le o]»])ortuniti(‘s for working out 
lh(MjU(‘stion both in Swityjadand and in (’auihridge. Tla‘ work must 
b(' compared witli that done by Mr, Hudle.stoii and Mr. Ulake. d’lu! 
speaker tbouglit that the I’teroceihui was represcuited at rortland ; 
])iit the J’ortland and Kinieridge lusts of Kngland wer<‘ ])eeuliar, 
and could not be exactly correlated abroad. 

Mr. 11 rin.i:sTo.N agretal with Mr. Ihheridg<‘ as to ih(‘ advauta.g(‘s 
tiiuh'r which Mr. Uoherts laid studied tlu‘ »Iiirassic rocks. Mr. 
Koherts had lately undertaken a very ditHeult task, the (examination 
of the ,lura,ssi(* luals lu'ar (’anihridg(‘, jnid liad now entered on an 
oven inor(‘ (liframll impiiry. It w.*is not V('ry (‘asy to find a (da.ssiti- 
oation that would til all eoiintrit's. Tin* Oxlordian and (.’allovian 
wen^ comparatively simple, on account of their hjssils being widely 
disiribuled, and, t(» some t'xtent, the (Vu-alliaii was not ditlleult to 
trace, though then^ was a ditlieulty al»out the y,om‘ (d Cidarit; Jhri- 
ijiUHmn. The liigher Oolites were more ditlicult to correlate. Thus 
jS\’rio(r(( is xvantiug ahoN e the (hrallian in .Kngland (excej)t a re- 
]>orte(l o(3CUrreuC(' in tlie Neoc'.oiuian ), hat it is said to abound in 
Jvimeridgian and rortlandiaii on the continent, rndouhtedly our 
Kimeridgian is abnormal. The teet of I pper Kimeridgc 
in Kiiueridge liiy would i)e classi'd as Porthindian on tlie eonti- 
neiit, and IUak(3 pr(.)pose<l to distinguisli evtm lt)W erheds as Ikdonian. 
The Ammonites afforded some clue to the relations of the heels. I'he 
a])]>lication i>f the t<M'm Portlandiaii to b(‘ds rej>resenting true Kim- 
eridge was objoetioiiable. lie was suq^rised to bear ^Mr. l^the- 
ridge say that ropresemtatives of Pterocorian beds occurred at 
Portland. 8o far as Mr. IMake and he had been able to ascertain, 
no such representatives could be detected. 

Prof. llrniiKs said that the so-called Neocomian of Upware rested 
on Coral Ktig, and the fossils might have been derived. He called 
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attoDtion to the important (lifferoiices hotwoen the limits of tho 
stages in England and those bearing the same name in Switzerland. 

Mr. llonKUTS, in reply, said that Ci(hns JivrUjemma was tt)und 
ahimdantly in the ‘ Terrain a Chailles siliceux.' Nerimra he had found 
in Astartian and Ptoroccrian. The Portlandian of the Jur.a a]>peared 
to ho a single grouj). 

Mr. IvniiaiiiKii said there were specimens, apparently, oi Ptcroceras 
ociani from Purlland in the llrilish Museum. 
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22. On the Leaf-beds and Gravels of Ardtus, Carsaig, 4*^., in 
Mull. ]iy J*. Starkie Gardner, Esq., F.(i.S. With Notes by 
Grenville A. J. Cole, E.sq., F.G.S. (Keafl January 12, 1887.) 

IPLATK.S XIIl.-XVJ.] 

The Ardtun loaf-])ods bavo once before formed th(* subject of a com- 
munication to tills Society^. Its author was the Duke of xVrj?yll, 
and its interest exeeplional, as it <mce Ihr all fixi'd the ajj^e of tbo 
(i^reat Traji formation of the Inner Hebrides ; and ^<^^irDed 

that, even since a ]>f!riod ko recsnit as Hie 'ferliary, beds of most stub- 
born ro(rk, exce(‘<lin<»‘ 10<K) f<*et in tliiekness, liad been denuded and 
abraded until, over » xten.sive areas, little move tlnin the merest 
v<\sti^esof tlunu remained. The value of this discovery to the geolo- 
gist call hardly he over(‘slimat(sl, for the data then turnish(;d ina- 
lerialiy assisted to determine the ago of the Traps Btretcbing from 
Antrim to Greenlaml. 

Th(! fossil jilaiils, to wliieli so niueh irn])ortanco altached, WTro 
hrieliy dcjscrilKsl in this ]»a[M‘r l)y Kdward Eorix’s, and all the most 
ehameteristie forms were figured, lie inelined to tiu‘ idea that they 
might he <»f Pliocene age, hut did not eommit himself deliniUdy; 
wdiilo tlu! Duke of Argyll, evtm tlxMigh author of the j)a[>er, refrained 
from expressing any opiniem. Prof. Ueer, howevei-, who A\as tli(‘Ti 
describing tli(‘ Mioeent^ flora of (Eningtui, pronounced them to bo 
Mioeeiio; and flu* weight (»l‘ bis antboritv lias been such, that no 
serious attempt has ('vcv been made to rei'xauiiin* tbo evi<h‘nee 
wbieh bis opini(m was based. 'fbis ruling was extended to the 
fossil jdant-beds of Greenland, Mith tbo result that a vast series of 
])liysi(ail (lianges, which exhmdod ()ver tlio entire Tertiary period, 
iiave been erowdiMl into u single stage, the Miovimc. It is\‘k*) years 
isinee tb(‘ Ardtun Dora was (iescribed, when the study oi' fossil jJanls 
was so far in its infaiiey that the oecurreiK'c of Diedtyhdons in (h-o- 
tjieoous bt'ds was unsuspect(*d, and even ]>lants t>f Koceiu' age were 
very imjKTlect )y known. In the concluding ]>art of this jiajaT evi- 
dence wdll l>e In-ought forward to ^how that it- should actually bo 
placed very low do\vn in tbo Moccuo. 

The Anltun beds are situated in Mull, long, (f' i;V-~l T \V., and 
lal. t)(> 2tf 21' ^., in the prouumlorv of Ardtun, beiwetm Loch na 
Latluiieh and Loch Scridain. '1 he earlier observatieiis are recorded 
by the Duke of Argyll, and, sima' the beds and their fossils 

have been eontinually n'ferred to, partieularly in text-hooks on geo- 
logy ami guides to the Western Dhs : but the spot itself seems to 
have been little visited, and nothing lias been added to the Dukes 
descriptions. Much luhlitional light has. however, been thrown on 
the 'Trap-formation gemnally by the works of Professors Geikie uud 
Judd, and Dr. James Geikie t- 

* Quart. Journ. Cieol, 8oc. Vul. vii. ]», Stt 

t Prol’. (»oikk\ Quart. ♦Luiru. Gool, jhhv voI. xx'ii. p. *270, * Nature/ Nov. 4, 
1880, and oUnvlH're; I’rof. .huld. 'On the Ancient Volcanoes of the High- 
lamls, and tin* IttdutiiUi of their Products t » tlu* Alcsozoic Strata/' Quart. Journ. 
(Jool. vol. XXX. 220. and On the St rata of tlie Western (.Vast and Islands 
of bcotlund/’ Quart. Juuru. Geol. Soc. vol. xxxiv. p. tU»0. Dr. James Geikie, 
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“On tho Geolugy of tin* Fjenit; Irtluntlfl,'* Trans. Ftoyal Soo. iMlinb. vul. xxx., 
lias also dealt with ji lUirtlierly ol' tlic sujue formation, (Hlmr 

equally iin])<»rtant works, braringr morr or less flircetly upon tin* subjf^cjt, are 
tliose on the Ajitriin iJasalts, by Air. W. If. JJaily, in t)ie JJritisl» AsHooiation 
Heports, and our Quartorly Journal ; on the Traps, and their fossils, of 
IcfJand and Greenland, by llecr, >'at.hor.st, and 8t{>orta; and (ai the beds 
with similar floras in !North America, described by Dawson, Lesquereux, and 
Jfewberry. 


Mil. J. S. GABBJTKB ON THE I.FAF-15EDS 


Wo propose to describe the more important outcrop first, then 
those on the coasts of Carsaig and Eurgh. 

The sedimentary rocks at Ardtun. of which the leaf-beds form a part, 
appear between basalts along the seaward face of th(* headland for a 
distance of somewduit over a mile, and their preservation is o]>viously 
due to the circumstance that tljey have ]»een entirely sealed ii]) by 
great ovcrtlows of tra]) (see fig. J ). ^J'hey dij) under the sea on the 
west or .Loch-na-Lat}iai(di side, as well as to the eastward, but it is 
pro})al>le that the width r)f the h(‘adland corresponds ai>])roximMtely 
with tlufir origiiial limits ; fur though the }>r<)]>er liuri/.on reap])ears 
again in the iu‘xt luaidland, lialf a mile distant, no trace wliatever 
of them is visible there. Patches of pisolitic iron and hole are seen 
hon^ and then; among tlie basalts along the shorts u]> l.och Scridain, 
bnt on higher horizons. They rest uj)on a mass of ))asalt about 
SO feet thick, tin* U})pcr half of which is amorphous and vesicular, 
while the base (ixbibits the most beautifully fornud and, for the most 
j»art, sh'nder columns. Tln^se arc, in phices, curved in every dina/tion, 
evtai lying almost jiaralUd to the bedding*, and closely resemble 
those of tlH‘ “ clam-sbell cave at Slaffa, about s(*v('ii miles dist ant. 
This columnar t rap is riddled with caves, whicli, tliough far from 
rivalling longaVs (hive, are still of groat beauty and inter<*st, the 
resemblance bet w'cen their masses b(‘ing so c()iu])b‘tf as to r(a»d(‘r it 
])robahlo, as aln ady infcTivd by the Duke of Argsll, that, they 
actually formed ]»art of a single llow^. Abovi^ tlu' baif-beds and 
gravels is a. second mass of (rap, some 50 feet thick, and rudely 
coluiuuar in structure, forming a vertical elitl*. This tluw hasappa- 
rt'iitly he(‘n eonipletely dmimhd off Staffa, hut is n'j)resented at 
liui’gh Ih'ad as <h‘serihe<l further on. Ahovt‘ this, jigaiii, on tli(‘ crest 
of tin? headland, are fragments of atliird flow of a similar kind, 
neitlau' of them hi'ing seuriaeeous or amygdaloiilal, or sliowing an^' 
tendeTK'V to de<*onipose. -rhis so far simple stratiti<tatiun of the head 
is cuunplicati'd ]>y tin? intrusion of a shet't of very densi-lrap (fig. I, o), 
wdiieh ]»enetrales it at the sea-level on its east side,, and after forming 
extensive hut dei'jdy indented horizontal plateaux a little above the 
soa-levol, forces a dtw'ious cours<‘ upward through the columnar and 
otlier basalts and tlu' sodiiuontarv beds, and becomes, owing to the 
exti'usive domidation it has been suhji cted to. exposed at the surface 
near the front of the liead. It dips again, however, almost innne- 
diately, ]»assing in a sinuous <*ourse downward into the lo\ver basalt, 
and, after forming a few small jwomontories, tinally di3a])])ears under 
the sea at tlie western side of the head. It is just possilde, hut not 
]>rohahle, that the ravine in which the loaf-beds are exposed may ho 
the site of a feeder of this subterranean tiow’. The intrusive sheet 
is of perfectly uniform Ihiekuoss, and shows a starch-like weather- 
ing on its exfiosed face. The lines se]>arating it from the basalts 
into w hich it is intruded are perfectly sharj), and its elean and resist- 
less, but devious, ]>assage alike tlirough every (jiiality of rock roscin- 

• Mnccullocli, • Western Isles of 8cotlrtiid/ vol. i. p, 40G, mentions the 
occtiprenooof oolunms jmvallcl to the bedding, and the rule that oolumnar struc- 
tnre is devcloptxl at right angles to it does not »pi>ly in tliese C4ises. 
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bios Bolhing^ so much as that of an electric discharge through the 
air. It looks as if it had bcHiu injected with immense force while 
molten, without reaching the surface ; and tlic sudden intrusion of 
such a sheet may well have been accompanied hyaviohud earthquake. 
Examples of these intrusive sheets arc l>y no means uncommon in 
the tra]).s, and have ])een observed more ])articulaily by Maceulloch 
and (Jeikie. They are readily distinguished by their compact tex- 
ture and starch-like weathering amidst the ])il(^d up suhacriul Hows. 
Erom the summit of the liead the remains of apparently the same 
sh(‘ets of perfectly horizontal tra])s can ho seen stretching ovH*r 
hundreds of s(juaro miles. It is well known that these are bt'lioYcd 
to bo part of a 'rrap-foruiation that was once eontimioiis from Antrim, 
through tlu' ]nn(*r Hebrides, to the Faroes, Iceland, and even Green- 
land Tlio includ(‘d plants show that the tlo>\'s wen' n]>])roxiniatcly 
synchronous, speaking geologically, over the area, jind they arctaui- 
nently representative of tlie ty ])0 of massive ernplion so graphically 
described by Prof. (icikief.who says: — '•^This assoeial ion of thin nearly 
level sheets of basalt, ])ile(l over each other to a dcjjih of soim'timcs 
300(1 feet, with lava-Hllcd fissures sometimes i!oo miU's distant from 
them, ])r(!sen1ed difficulties whicli, in the light of modern volcanic 
U(‘tion, ixatiained insiduhle. The ■wonderfully pcTsisleiit com so and 
horizontality of the ]>asalts, with th(^ ahsenci' or paucity of iutt’rst-ra- 
tifii'd tuffs, tind th(‘ want of any satisfaetoiy t'vidence of th(' thickeu- 
itig and U])risc of lh(‘ basalts towanls what niiglit hi! supjioscii to ho 
the vents of erupt ion, were problems which I again and again 
attempted to solve. Xor, so long as the incubus <»f ‘cones and 
craters ' lies upon one's mind, does the (piestiou admit of an answer.'^ 
The actii)u of the 'Praps on the idder si'diiuentarv strata, shown by 
Alaccnlloch in his si'tdions of the coast of Trotternish, in Skye, ap- 
pi'ars ineousistenr u illi thi' view that they wen* ])ouri‘d out as lavas 
from elevat(‘<l cones, lie illustrates a <hke which he sjuaiks of as a 
mile wiili', giving <>iV intrusive veins (‘ Western Isles,’ vol. iii. jd. 17), 
and whieli must have welled through long ]»aralh ] iissun^s in irnmenHO 
gushes, wliicli aj>j)ear to have flowed from seaward towards the 
existing shore-lines, which in sonic cases still coincide witli their 
boundaries. 

iVestwieli advocates that the Ic'rm Traj) should he retained for 
flows from fissure-eruptions, and Lava for ibose which have escaped 
from craters. Whetlicr, however, the ])rcs< iit limits of the Ibrtna- 
tion in this direction, ('ven approximatol}', e.oincido with tlie original 
ones is a (piestioii not easy to answer, in faci; of the colossal denuda- 
tion to which th(‘y Imve l>een subjected. 'J’be traps at lJurgh and 
Carsaig arc over 1()(H) feet in thickness, and are so horizimtal that 
they could scarcely have thinned so considerably within so short a 
distance as Ardtun, Avhere now no more than lot) fei't nunains. The 
gneiss of T.och na Latliaieh may, howcviu*, he part of an old ridge 
against which they abutted. Tlieir limits towards lienmore are far 

* Olf'ikio, Quart. Joum. G«ol. Sue. vol. xxvii. p, 27f). 

t ‘Nature.’ November 4, I8S<). 

t Prestwich, ‘ Geology/ vol. i. p. 380. 
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loss defined, and all attempt's have failed to trace their connexion 
with the older, and porhajw also newer, flows of lava that proceeded 
from that region. They show no decided dip either towards or away 
from it ; and it is diflieult to say w hero the terraced structure of the 
plateau Traps definitely ends. That even then there was an ele- 
vated tract not far off, ])ossibly the lien more rcigion, whicli had been 
the scene of a(ad eruptions, is indicated by the coiii}.K>sition of the 
Ardhiii gravels, as descri1>ed by Mr. Cole. lUit the crest of Benniore 
itself apj)earH to mo to btj a fragment of the wall of a orster which 
may liavo occii])icd the silo of Loch Bog, from which later lavas have 
flowed^. Jt is an open question whether the tra])s ever actually 
extend(^d over tlio central ]>art, or far beyond their ])n^scnt limit.s in 
Mull, or over other districts wlicre there ai‘(? now no traces of tbern. 
ConUunporary dykes hav(5, it, is true, been traced by (Jeikie, Jack, 
and others right across Scotland and even England, but tbi‘S(‘ were 
probably subordinate to the main fissures of eruption, wliicli must 
liave boon parallel to the long axis of the formation, and their 
lavaiH iKH'd not necessarily have reached the surt'ace. 

To ret urn to Ardtuii. We, have already seen the horizontal exLmt; 
of the sedimentary sei ies, and pointed out its ]){)sition relatively to the 
Traps whieli have (‘iielosed it. Jt consists, wliere thickest, towiu'ds 
the centre of tlui Inaidland, of shaly clays and limestones, and eoinse 
indurated gravels and sands, which thin rapidly to the west and ])ass 
beneath tlu^ s(‘u, in not greatly diminished thickness, to the ea>t. 
The section given (fig. 1 ) slnnvs them to be thickest near ?i ravim*, and 
again some distance east ward ; btitinfhe iattcu’ locality the lauunated 
leaf-beds berioath the gravel, if present, are entindy cointealed by talus. 
The fossils have been obtairual from llu' sides of the ravine, laMidered 
famous by th(‘ pa])cr on them already referred tot> and more recently 
from a s}K)t a little to the east. 

On the west side of this ravine (fig. 2) we see, first, a bed of buff or 
cream-ecdoured, xS<»ft , laminated sandstone (A )t, the edges of which are 
suddenly turned up and plastered in om* place against the overlying 
beds, suggesting that the raviiu' must he duo to the upward passage 
of a dyke which has siiu'o deeomjuased and weatlu'red away — a vii‘W 
ani)poried by the gravel walls on both side.s of tlio ravine, which have 
the a})pearance of having been subjeeti'd to a more intense heat than 
elsewhere. There are also some included fragments of a pale drab- 
coloured stone on the opposite side (tig. B). On the east side of 
the ravim* I undertook, by aid of a (iovcrnnuait grant from the Itoyal 
Society, some rather extensive (piarrying ojierations, and tlio follow- 
ing beds wn*re seen ; — At the base, on tlie amorjdious Trap (/), is car- 
bonaceous rubble filling in its rugged surface, which may bo set down 
at 1 foot. Above this is li feet of bedded rivor-saud (r/), now indurated, 

* The structure of the peak resembles that of the peaks foriuiug the walls 
of the Graud Curral in Aladeira, though domided to an infinitely greater 
extent. 

t Argyll, Quart. Journ. Geol. Soe. vol. vii. p. 89. 

J This ocoupiefi the position of ibo third leaf-bed of the Duke. 
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Pig. 2, -Section of west side of Ravine, Ardtnn Head* 
(liolative thickness of Icaf-beds exaggerated.) 



a. Rudely coliminar basalt, with f. Hlarli leaf-bed. 

e^rass at foot. (f. CJravel. 

<?. Gravel. k. Li^dit loaf-lKd. 

€, Hurd bed, with Onocha. i. AmorpljoiiH buMult. 

TborCf are many stemn in tliin part of the Black leaf-bed, one wbicli wur 8 foet 
and o iiicijo.s across. The bght leaf-bud is unfossil iforous here. 


Pig. 3 . — Quarry in cast side of Ravine, Ardlmi Read, 



a. Rvidcly colionnar ba.suit, ■ e. Hard Vmi, with Ofn/rU>a, I fL 

b. Intrusive sheet. | ,f. Black leaf bed, U ft. 4 in. 

c. Sandstone, more or less fissile, 8 ft. //. Indurated gravelly sand, 2 ft. 

d. Indurated Gravel, 7 fu i. Aniorplious basalt, with rubble. 
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and then a bed of black crumbly 8hale(/),2 feet 4 inches thick, crowded 
with leaves •• The lowest part of this is greatly squeezed, and desti- 
tute of recognizable fossil leaves f, but a few succeeding layers con- 
tain innumerable specimens of a simple ovate leaf, the Jihamnites of 
Edward Forbes J, then some squeezed layers with decomposed leaves 
and Eijmsetum, and, lastl)', a layer made up almost eiitirtdy of the 
large leaves of PlaUmitea^ Forbes. Above this, but separated l)y a per- 
fectly sharp plane, is o bed (>), one foot thick, of very dark, intensely 
indurated whinstone or rag, originally fetid mud, in which immense 
loaves of Plftianiies are rolled and folded together witli brok(*ii and 
mostly V(;ry mneeratod fronds of Omclea {FilidUs) lu lndlca^ Forbes, 
broken sterns of Equisetum, and occasional tA\ igs of Ta.vm {TuxHtsi) 
Forbes. Magnificent specimens from this layer were 
obtained and are now in tbo Frit ish Museum, one, not far short of 
a square yard in surface, exhibiting specimens of all these except 
the last. Another plane separates it from a similar bed, hut with 
few fossils, w’hieh ])asse8 gradually u])ward into the overlying gravel 
(</), at this point only 7 teet thick ; this in turn passes into some 
■fissile sand (r), becoming softer at the top and, in all, 8 feet thick. 
The Duke’s first leaf-bed is at this Inuizon, thougli 1 faih'd to find it 
fossilifiTons. Tin? ])arting between this and the tra]) above is carbo- 
naceous rubbles similar to that at the base. 

The gravel-bed is of the greatest interest, and its composition has 
been most kindly investigated by Mr. (Irenvillc Cole, who himself 
collected the different specimens he describes. 


Eote on the Gravel of Ardtun. Fy Ghknvtllu A. J, Cole, Esq., 

F.G.S. 

The main const it u(‘nts of the g]-avel-h(‘ds are flints and lava- 
fragments, the proportions in which tluv occur varying considerably 
in diffcn'iit layervS. The larger inasscvS are W(‘ll r(dh*d, the smaller 
more so tlnin would apjicar on fractured surfaces : and the features 
of the beds are distinct from those of a tuff or a volcanic 

breccia. The flints, des])ite their characteristically white and altered 
condition, retain abundant traces of organisms and of the chalk from 
which they have been derived. It may he fairly (piestioned, indeed, 
whe ther these hard white fragmtmts are not in many instances 
coinjmrablo to the silicifu'd chalk of the area rather than to the flints 
developed by concretion in that chalk ; and whether they were not 

The Roc'Oiid leuf-bed of tiu’ Futi'i)f ArgUl. tht* third btuiig unrepresented on 
this side of' the ravine. All liu'se kuej’s proved, lunvover, to be so crumbling 
as scarcely to repay working, and large quantities are left exposed in sifu. 

t A very similar .sluvle, with some of t he ssnne pluntwS was discovered in the 
Isle of Ciinna by Prof. J. A. ilarvie-Frowu, who informs me ibal it octmre in a 
cave on the north side of Can mi, elost* to the shore. He sjiys : — “ Those we ob- 
tained Were at the exposed side of the shale-seam which nrojected irom the rock 
close to the flv>or of the cave. 1 think a fisherman, Mr. Isaac, if still at Caana, 
could point out the place.*’ 

^ Quart Journ. uool. Soc. vol. vii. p. 103, pi. i Berch&nia of Hoar. 
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of a more calcareous nature when first included in the gravels In 
section they afford a rich harvest of organic remains, including, in 
one of the instances examined, glauconitic casts siifficiontly nume- 
rous to give a distinct greenish tinge to the cut surface of the 
specimen. 

Pebbles of grey quartzite are also found, and the matrix of the 
gravel is composed of quartz- and felspar-sand, coTiiminutod parti- 
cles of lava, and occasional glauconitic grains. Though the crystal- 
line granules may have been largely derived from the old gneissic 
floor of the district, yet in some cases they rc^tain intrusions of glassy 
matter which inclicuio their original occurrence as j)orpliyritic crys- 
tals in dykes or lava -flows. 

The pebbles of volcanic material might be expected to exhibit 
many interesting charaefors, such as are usually lost to us by wea- 
thering before a ijiva-stream becomes entombed among later accumu- 
lations t- Wo find, in fact, n)ll(Ml fragments of scoriiiceous basalt- 
surfaces ; and the microscope reveals many other ])roduct.s of rapid 
cooling, such as cohmrlcss pumice and particles of basic glass, the 
latter showijig fluidal structure and crystallilcs in various stages 
of development, 

A large number of the pebbles, whether grey-green, brown, or 
even pink, are derived from jrc-existing basaltic flows, which have 
yielded specimens of their more compact, though not of their dolerilic, 
portions. In one brown-pink example we have, with a frcsli mono- 
clinic ])yroxene, olivine so ready in its decom])osition, and giving rise 
to such rich brown products, as fo suggest a highly ferruginous 
variety. In another and greyer s])ecimcu the matrix is largtdy 
glassy, the more crystallized portions being gathered into little flecks 
and patches visible} to the naked eye. 

Put the main interest rests with the examples, preserved thgs 
locally, of rocks which liave been lost to us throughout this district 
under the enormous outpourings of basalt. 

At Ibe first glance many of tlie Ardtuii jxdjbles recalled, in a redder 
and altered form, the sanidine-lavas of Ischia or the Hhiiie. Their 
microscopic examination fully bears out this view, whicli has be< ]i 
confirmed hy further evidence. One specimen, seen in section, Ii <s 
the familiar pale angites, the abundant yiorphyiitic felsiairs, the 
fluidal j^lassy mjitrix that one associates witli tracbytic flows. The 
specific gravity proves to be only and the fel.s])ar, as determined 
carefully by Szabb s method, contains more potash and less soda than 
many accredited sanidines. 

Another more crystalline specimen consists of crowded felspars 

* Cf. Judd, Quart. Journ. Qeol. Soc. vul. xxx. p. 22H. 

t Prof. Jukes, in 18<i0, writes of a similar but far inoro Jincient deposit: — 

** It had very much the aspect of one of the beds of volcanic breccia 

and conglomerate one so often sees about recent and active volcanoes ; and it 
occurred to me that in these pebbles of vesicular trap we might have preserved 
the onlj" fragments of the more superHciul parts of the flows of molten matter/' 
(‘' Igneous Bocks of Arklow Head/’ Journ. Qeol. See. of Dublin, vol. viii. 
p. 
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aod a few small flakes of biotite. Its specific gravity is 2*50. The 
felspar gives, by Szabo’s method, the reactions of a soda-orthoclase, 
and the rock may be classed as fairly with the sanidophyres (or 
sanidine-felsites) as the preceding specimen with the trachytes. 
The occurrence of a lava of this composition makes one hopeful 
as to the future discovery of nepheline- bearing rocks in Mull. 

Wo may conclude, then, that during the deposition of the Ardtun 
gravds, when only th(‘ first of the basaltic outpourings bad taken 
place, a numb(3r of oailier flow's must have been still available as 
sources of material. I'lie chalk-dow'us wliieh probably then existed, 
as evideuc(‘d by the flints that form so large a ])ortion of certain 
•beds, W'Ore tlieinsclvcis ovc'ilain by the products of Die central cones, 
the fragnients w’orn from both th(‘ aqueous and the igneous series 
becoming intermingled in the lull-side streams. 

a. c. 


Externally in the ravine this gravid weathers to almost the colour 
of the Trap, and the bedding of the sb ingle is not ap])arent ; but the 
clean freshly blasted surfaces showed the flints altered to a pure 
wbite against tin* steely grey colour of tbi' matrix, which is here so 
hardened tliat oven the very small poljbles break across wdien it is 
fractured. 

Tliopi^ gravels are easily traceable for the next 120 or 1110 yards 
across the bbiff to the west of the ravine, and tlie leaf- bed can bo 
followed for about half tlie distance, though greatly concealed by 
grass. Here there is another ravine (fig. -1), wlu*re tlie entire 
thickness W'as reduced to 14 feet, the sands being distinctly bedded 
and laminated, and none of the ])ebblc8 in the gravid much larger 
than a filbert. Another good exposure occurs a little further W'cst, 

Fig. 4 . — Exjiosnrc in Second Bavine^ Ardlnn Head, 
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where the tbidaieBs appears to be reduced to 12 feet, and then the 
sedimentary rocks are almost wholly concealed by talus and grass, 
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tboTigb tbeir horizon can alwaj’s be recognized. Aa they dip to- 
wards the sea the gravels again become coarser and are cxpos^, as 
pointed out to me by the Duke of Argyll, for short distances under 
the cliff of rudely columnar basalt ; but no leaves have been found 
here, and the scries is ob\ious]y thinning out. 

About 100 feet to the east of the principal ravine the loaf-beds are 
again well exposed in a path hollowed out by sheep (iig. 5), the sodi- 


Fig. 5. — Section in face of cliff , Anltiin Head, feet east of the 

Ilavine, 



a. Basalt. b. Gravel. c. J-/eavt*fl. d. Gravel. 

mentary beds continuing to increase in thickness for another 150 foot, 
when we reach a spot where the Duke’s third leaf-bed is beautifully 
exposed, and where one of his sect ions was taken (fig. (> ). ^J’he lowest 
bed is best worked on the neck of a small jutting headland. Under 
about 30 feet of gravel (c) vve have the black crumbling leaf-bed {d) 
exactly us in the ravine*, but not the whinstone ; then 7 feet of 
bedded sand (#?), extremely indurah^d, witli very small angular j)iecc 9 
of flint ; followed by 3 feet of partially indurated steel-grey clay ( 7 ), 
which readily breaks up into rectangular parallelograms, staiiiod 
almost like tortoise-shell at the partings. Faint imj)re 8 sions of large 
leaves arc visible throughout this. Kext we have 0 inches of hard, 
somewhat laminated, carbonaceous sandstone (</), or rag, with im]>res- 
sions of leaves, the most perfect being Ginl'fjo ; passing into 3 inches 
of the finest-grained, bluish limestone, as fine ns that of Solcnhofon, 
and with rare, but extremely beautiful leaf-impressions. These are 
most difficult to find, and when found, to develop, owing to the 
conchoidal fracture of the matrix. Only small leaves occur in it, 
by far the most abundant being Grewia crenulata^ Heer, and Alniles ? 

Forbes. This is followed by anotW foot of peculiar 

♦ It was quarried for the Duke at this spot, but owing to its orumbliug 
nature, w'iih no great sucoees. 
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steel-grey clay (Ji\ at the base of which the most interesting leaf-bed 
of all is met with.. This consists for an inch or two of layer upon 
layer of leaves in the most perfect preservation, and retaining 
almost the colour of the dead leaves themselves. One of the most 
striking, as well as most abundant, is GinJego, of large size and 
purple colour. Btill more conspicuous is the large Plafanites hehri- 
dicus, Torbes, one loaf exposed measuring full ir>jj inches in length 

Fig. 0. — LeaJ-hed and Gravels at Jrdtmu (Scale about J30 feet 
to 1 inch.) 



«. Columnar IwBalt , 40 fool. 

b, IVwitioii of 11 rut Ivnl'-lx'd, ohyrurod l)y grasH, about '2 fiM'f. 

0 *. C3 ravel, varyitig from about I'eot to a inuxiiuuiii of nearly 40 feet. 

d. JJlaek or Bocond leaf-lx*d, 24 feel. 

e. Gravel, uboid 7 feel. 

/. Grey Cbw, 2 ftH't. 

G inches laininnted Handstone, with G inclicrt of fine limestone witli leaves 
at. base. 

h. Clay, with h’aves at base, 1 foot 

f. Cluneh, \\iih rootli'ts, 7 inches. 

J. Amorphous basalt, becoming columnar at base, about GO feet. 

and lO.j in breadth. Many other kinds of leaf appeared to be 
almost equally fine, and the characteristic dicotyledonous trees of 
this locality possessed at that j)eriod rtdatively large foliage. In 
the same bed W'cre coniferous branches like the living Taxodiam 
{Ghfpiosirohm) heterophyllum and Cephahta.vvs, Unfortunately, 
every effort to remove and preserve these specimens has failed. 
There are rush-like stems, from 1 to inches in diameter towards the 
base, but the beds are almost destitute of monocotyledons, and no trace 
of Ferns or even of Equiseta has been seen in them. This lowest leaf- 
bed passes into a thin seam of coal in one direction, and rests upon 
6 to 9 inches of whitish, clunchy, and concretionary clay (t), with 
rootlets, and with softer clay filling in the rongh surface of the 
underlying basalt (j). 
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About 200 yards to the east the sedimentary beds are traversed by 
the descending intrusive basalt, and are reduced to i;5 feet in thick- 
ness with no coarse gravel ; and 200 feet beyond this they barely 
measure 4 feet 6 inches of fissile sandstone, with compact shale at the 
base, containing well-preserved examples of Equisetum CamjMUi, 
Forbes. A quarter of a mile further east the gravels again thicken 
to over 20 feet, but the beds corresponding to the leaf- bods are not 
visible, and could not be rendered so without considerable labour. 
Their horiison soon after pusses under the sea-level, and on its re- 
appearance in the next headland, lludha Duhh, t he rudely columnar 
basalt rests on the eroded and partly decomi>osed surface of the 
amorphous biisalt, without the slightest trace of gravels or other 
aqueous deposit. Seai’ch still further up the loch has been equally 
vain. 

Inland, however, in a direction almost duo south and south-east, 
the position of two seams of lignite is indicated on the sketch-map 
and section accompanying the Duke of Argyll’s paper, and he has 
quite recently caused an excavation to be made near Bunessaii, 
which gave a considerable thickness, without reaching bottom, of 
black shale and apparently decomposed basalt *. 

Following up the Traps still further in the same direction across 
the lloss, we meet with a similar series of beds on the Carsaig coast, 
though with some important modifications. The sedimentary series 
is first visible at the Carsaig Arches, where it consists of from 10 to 
12 feet of indurated river-sand f. An upthrust has displaced and 
raised it almost to the crown of the western arch, but in the long 
arch it occupies its true position, with its base slightly below the sea- 
level. It rises eastward, and at the same time increases rapidly in 
thickness, and where next visible gives the following section (fig. 7). 

In this section wo have apparently the samo flow of rudely colum- 
nar basalt (f?), maintaining a thickness of about 25 fe^et ; then 7 or 
8 feet of indurated sandy mud (< ), ])assing into a sand ; and then a 
grit (/) composed entirely of angular pieces of broken-down flints, 
with occasional boulders of rock and large flints at tlio base. This 
weathers down to a slope of 25*^, and rests on a compact mass 9 feet 
(5 inches thick (g), of almost unrolled flints of all sizes up to that of 
a quartern loaf, in a matrix apparently of broken-down Trap and 
occasional boulders of the same. Under the flints there is 2 feet of 
impure bedded sand with indistinct vegetable markings (h). An 
exposure a little nearer the Arches only differs in being of a slightly 
finer material, with a thin band of lignite at the base. 

* [This was taken fora fire-clay when the diggings were commenced. After 
digesting v.ith acid a precipitate of alumiim and ferric oxide remained, amount- 
ing to 30'7fl per cent. Some aluminous silicates probably remained undecom- 
posed. Under the microscope it was seen to consist of various mineral particles, 
some being olear and colourless felspar. The flaky green mineral present in 
quantity, is an alteration-product, fibres of it penetrating other minerals. — G. 0.] 

t Sari Compton (Trans. Geol. Soc. vol. v. mrt 2, p. 373) mentions that the 
arch is 60 feet high, 150 feet long, and from oO to GO feet wide, and of baealt, 
standing on green sand. There are illustrations on the aoeompanying plates 20 
and 21. Prof. Judd had, of course, recogoued the fluviatile ori^ of the Carsaig 
grsT^ (Quart Joum. Geol. Soc. vol. xxz. p. 220). 

aj.G.a No, 170. 
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At 8oiiie distance east the bed of dints greatly increases, and 
forms a veriical mass from 20 to 22 feet thick, composed exclnsirely 
of partly rolled subangnlar flints of aU sizes np to a diameter of about 
6 inches, but mostly not larger than potatoes. They are smallest 
towards the top, and are capped by 2 or 3 feet of flint grit, or sand; 

Fig. 7. — Section of lower part of Cliff at Malcolm^ s Point, mar 
Carsnvj. (Seale a})Out 50 feet to 1 inch.) 



«. Anijgdaloiclal Trap. c/. Flint Conglomerate. 

6. Douho Tra]>, slightly coluuiiuir. Stincl, with lignite. 

e. Glucial Bed. ^ /. Amorphous Trap, partly obscured 

d* Kudeiy columiiur Trap, 25 ft. tbick. ; by grass, Ike. ; the last half invi- 

e. Indurated Mud. ' sible and perhaps a different 

f. Grit. flow, 

while underneath is a conglomerate, 12 to 14 feet thick, of basalt with 
a few large and p^ect flints and many angular flint-flakes. The 
base of this series is 60 feet above high water at this point, and no 
traces whatever of it are seen in the cliffs further east. Nearly 100 
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fbet aboTO them, however, ia a disturbed bed of black sbalOi 
resembling that of Ardtun, from 1 to 2 feet thick, resting on thin 
laminated sand formed of angular quartz grains, which can be traced 
for a considerable distance, without, however, containing any plant- 
impressions. The beds rise very rapidly, and this shale is soon 310 
feet above the beach, whilst about a quarter of a mile further on the 
tog of the sandstone regarded as Cretaceous suddenly appears 
220 feet above high water, thus occupying the horizon at which we 
might have looked for a continuance of the flint gravels t. 

The headland of Burgh rivals the Innimoro of ( 'arsaig in grandeur 
of scenery, its cliffs oven surpassing the lattiT in height, and forming 
an almost vertical escarpment of Traps, which for some distance 
exceeds a thousand feet in depth, it prt'sents the usual alternations 
of columnar and amorphotis, araygdaloidal and rudelj^ columnar 
flows, with intrusive sheets of dense Traps wdth stareh-like jointing. 

At the base there a])pcar8 to bo an extensive ash-bed, and 
directly over this columnar basalt, on the same horizon and probabl)’* 
the same flow as that of Ardtun and Htaffa ; above this is a bed 
of dark, loamy, unfossiliferous sand, marking apparently the horizon 
of the leaf-beds J. This ia 3 or 4 feet thick, and includes clays, in 
places, with vegetable matter. Above the leaf-bod horizon is rudely 
columnar basalt as at Ardtun and (Jarsaig ; th(m amorphous trap 
with a few included flints and other stones ; and then a massive 
flow of Trap, over 70 feet in depth. Above this, again, are several 
hundred feet of Traps, without any ash-beds, which latter do not 

* [Composed of quartz grains, for the inoKt, part very angular. — 0. C.] 

t In the absence of proper horizontal ineuKureinents, which I did not at the time 
realize were so important, it is impossible to ascertain tiie true dip; but 
assuming the extreme points mentioned to bi* half a mile apart, rou^flily 
plotted, it ai)pearw not much less than or (>°. The beds, whctlicr viewed from 
the sea or the shore, do not indicJite to the eye such a dip, and the horizontal 
terracing of the cliff' on tJie landward side equally negatives it.. If the dip 
does exist, the base of the flint gravels would bt' nearly Jot) feet al)ove the tiq> 
of the Cretaceous SaJidstone. A much more accurate desorij)! ion of the Carsaig 
section is needed, for it alx)unds in interest. Among the more striking objeetB 
in the volcanic rocks is a layer or, more probably, the fUling-in of a wide 
fissure, consisting of great angular blocks of quartz and quart zit.e, the larger of 
which must weigh at least a ton, and iwrhaj»s even sev<jral t^ons. Mr. Cole and I 
first saw* it on tiie sea- level some distaucx^ west of the Arches, whore it looked like 
an ArcUfiKui conglomerate ; but as it reappears high up the cliffs to the east, and 
can there be seen filling crevices in the basalt, it is clearly of later date. A small 
dyke not far distant has exactly the appearanw of bedded sandstone. Behind 
Beinn an Aoinidh, at about. 7tK> feet elevation, there is a considerable quantity 
of lignite, and a hundred feet lower, graphite is said to occur in the Ix^d of a 
stream, though when I visited the spot, properly guided, we 1‘ailed to find any. 

J A large trunk of a coniferous tree, o feet in diameter, perha))8 Vodoaarpus^ 
has been enveloped, as it stof>d, in <>ne of the flow's of Trap to the heiglit of 4() feet. 
Its solidity and girth evidently enabled it to resist the fire, but it had decayed 
before the" next now passed fiver it, for its trunk is a hollow cylinder filled with 
debris and lined with the charnxl wood. A limb of another, or perhaps the 
same, tree is in a fissure not far off*. Maccullocb, who w^as certainly a keen 
observer, did not overlook this tree, which lie described in 1819 in his ‘Western 
Isles of Scotland,* vol. i. p. 868, pi. xxi. fig. 1. The trunk was thought to be in 
a vein of conglomerated fragments of Trap imbedded in a paste of the same. 
He had also ascertained the wood to be coniferous. 
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appear until an eleration of nearly 1000 feet is reached, and then 
only in thin beds. A little to the north a thin seam of coal with 
some sand crops out at 250 feet above sea-level, which latter about 
corresponds with the base of the Traps at this point. The Wilderness 
commences somewhere hero, and within 200 or 300 yards is a singular 
outcrop of chalk rubble or remanie chalk and flint, at an elevation of 
100 feet above the shore. The larger mass measures 10 feet 5 inches 
Jieross, and is 12 feet 9 inches high ; and the smaller one, a little to 
one side and slightly below the other, is 1 7 feet 8 inches along the 
base, and 8 feet 9 inches high. They are chiefly composed of 
nearly white, brokcii-up flints, in a matrix of chalk, but disjwsed as 
in jmdding-stone, without the least trace of bedding. There is 
nothing visible under this except iron-stained rubble and basalt 
talus. I have sc^on no other chalk on this part of the coast, and 
this is certainly not in situ, but as much a rode])ositcd mass as the 
flint grav(;l of Carsaig. A little to the north of this we find the base 
of a cherty greensand hi sltH, but its thickness is not ascertainable. 
Immediakdy beneath this is Lias, 10 feet thick, formed of alter- 
nating clay and limestone hands, iln^ latter with Lima and JMen, 
Mr. Etheridge agrees with me in considering that this is a repre- 
sen ttitivo of the Jiower Lias. Under this, again, is a bed of sand- 
stone witli green grains, whicli the bedding sliows to bc‘ of marine 
origin, though it is Tjiifossiliferous. Only a thickness of 15 feet is 
visible on th(^ shore. Everything isunfortimntely ohsenred by talus 
for a little distance westward, hut tlu‘ sands soon reHj)|)e{ir Muth 
pebbles in them, forming a conglomerate luecisely similar to that of 
Gribun, except that the materials ai*e finer and more scattered. 

This is interesting as showing that not only the red conglomerates 
of Gribun and Inch Kenneth, invisibl(‘ h(‘re, hut also the similar 
conglomerate with green grains above them, are of prc-Liassic age. 
This interpretation, which is the more natural one, deprives Inch 
Kenneth of any trace of (•reta<*coua dejmsits. Returning to the 
Wilderness, the gneiss now lises above the sea-level at a high angle, 
and gradually becomes higher and higher, until it exceeds 200 feet 
at Coiroachan Gorma, wh(‘re it forms tho entir(* underclifl’. The 
remainder of the section avS far as Gribun I have only examined 
from u boat ; but at tho latter locality there is, as observed by Judd, 
nnmistakaldc Upper Greensand over the Poikilitic conglomerate and 
marl, but, so far as 1 could discover, still no trace of Chalk. The 
Isle of Erisgeir, rather over two miles from the shore, is of gneiss ; 
and Inch Kouncth is of gneiss and 3\)ilvilitic conglomerate. 

Pinding the Ardtun rivor-dej>osits so feebly represented on the 
opposite shore of Torosay, loss than 2 miles to the N.E., and the 
presence of an elevated tract of Palmozoic and Secondary rocks there, 
I examined the traps running almost due east and west, along a 
line 1 2 or 13 miles long, embracing the north shore of Loch ua Kael, 
and the Isles of Eorsa, Ulva, and Gomotra. The Traps on the further 
side of the tract or ridge of Palaeozoic rocks alluded to would appear 
to bo the result of distinct flows, as on that side we And the lower 
levels occupied by ruddy columnar and amygdaloidal basalts, instead 
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the celuiunor flows hitherto seen. The lowest beds of amygdar 
loidal basalt at Burgh or Carsaig are in fact quito 300 feet from 
the base. The flows are also thickened and irregular on the shore 
opposite Ulva and in Eorsa, as if they had been piled up against the 
ri(%e, and they only become regular in Ulva itself and Olomotra. 
Further, the ridge together with some of the first flows of Trap 
must have formed a lake-basin, for from the shore of Loch Tiiath to 
that of Loch na Kael, a distance of over 2 miles, there are beds of 
bole and lithomarge, at least a dozen feet thick and pisolitic in 
places, cropping out among the basalts at heights of 100 feet or loss 
above the sea. The beds are continuous and distinctly laminated, 
and the glacial bods over them are full of their fragments. These 
must have been formed in a small lake-basin ; but I saw no trace of 
any gravels except the glacial beds, which everywhere cling to the 
sea-slopes, nor any bods which presented ovidon(^(^ of a fluviatile 
origin. The course of the Ardtnn river was therefore clearly not in 
this direction, and must have been to the south of (lometra. 1 was 
unable to explore the basalts round the north-west coast of 
but do not aiitici[)ate that any iicqjortant beds of sedimentary origin 
would be met with. 

Before leaving the district, however, 1 vi8iU‘d the sections on 
Loch Aline referred to by Prof. Judd (Q. d. (L 8. vol. xxxiv. p. 734), 
where it seemed possible that plant-rcuuains might bo discovered. 
That part of the section between tin) gneiss and the columnar Irap 
at Beinn nah Uaraha (Beinn y Hun, /. c.) was everywhere obscured 
by talus ; but the seclioii at the south-east angle of ileinn ladain was 
visible and substantially as described by Ju<ld, ('xcept that the 

Chalk,” as at tlu^ Wilderness by Burgh, is not bedded, but rcmanie 
flints and chalk rubble only 4 feet/ tliick. It does not appear to my 
mind to ))e sufficient to furnish absolutely convincing ovidcjicci that 
the sands beneath are of Cr(‘ta(;eous ago ; hut it is a question foreign 
to our immediate subject and one which requires further investiga- 
tion. 

Though it is quito obvious that the sedimentary beds at Ardtun, no 
less than at Carsaig, ar(^ the ordinary gravels anil muds of a river- 
channel, important differences between them ]>ecomo a])parent when 
they are compared. At Carsaig their fluviatile character was at 
once recognized Prof. Jiidd; but those at Ardtun wore believed 
by such experienced observers as Sir 0. Lyell, Mr. Smith of Jordan 
Hill, and the Duke of Argyll to have had a volcanic origin. The 
examination which led to this conclusion was made, however, in a 
ravine where they appear to have been greatly affecjfed by the 
passage of a dyke, and where their peculiar weathering and dark 
colour give them a truly volcanic aspect. On the sea front the 
current-bedding is as plain as in the river-gravels of England, and 
the block exhibited to the Society suftices to remove any doubt as to 
their true nature. At Carsaig we And a conglomerate of boulders of 
Trap and large flints resting directly on a Trap floor in one part of the 
section, flanked on the west by silts, and overlain by a vast mass of 
subangular flints of all sizes, scarcely even roughly sorted, the whole 
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being covered and overlapped by pure flint sand. Snch an arrange- 
ment of material might have resulted from a mountain-stream of 
velocity sufiicient to move rocks of relatively large size along its 
bed, giving place through changed gradient to a current not exceeding 
5 or 6 feet per second, and no longer cutting away the basalts. 
Further depresnion seems to have converted it into a smoothly 
flowing river, with a current only capable of transporting grit and 
sand. The greatest wddth occupied by its bed does not appear to 
have exceeded a mile in this part of its course. The jjeculiarity of 
these gravels and sands is that they soein composed exclusively of 
angular fragments of flint derived from Chalk, without any other 
foreign siibstunce. Wo may infer from this that the Tertiary Traps 
had no great extension southward, and 1 believe, in 8i)ite of their 
great thickness, that their x)resGnt limits on that side coincide 
somewhat wdth their original confines. A considerable tract of hilly 
country must have been covered wdth Chalk. 

At Ardtun the coarsest gravels are much finer than any gravel at 
Carsaig, and unlike the latter their small pebbles are iiuhedded in 
sand. The velocity of the currents which dc])osited them, oven in 
the swiftest channels, must have been unchT feet per second, 
while there w'oro curreiitless backwaters dej)osiiing ooze or fine silt 
into whicli leaves of forest trees \v(‘re eddiccl and sank. Au increase 
in the volume of water ensued; for not only are the higher gravels 
more massive and of coarser maUadal, but all haekwat('rs and slow 
curnuits disappt'ar, and the wIu>lo river-herl st.'eins to Inivo been 
occupied by swiftly moving. wat.(*rs. 'I’hc transverse section through 
the gravels is not less than a mile, ])rohaMy a mile and a luxlf long; 
and though the fi<>ciion may be ohliciue, increasing the ai>parent 
width, the position of the lignites, &c., towards Buuessan and the 
Carsaig section, shows that th(^ actual width was not far short of 
this. 

The river may not luave occupied the entire hod at any one time, 
but it was evidently one of magnitude when a renewed volcanic 
outburst filled in its hod with a massive How of trap. It is interesting 
to remember that l*ri)f. Geikie recognized the course of another of 
these Tertiary rivers in the Sour of Eigg, coming from a northern 
direction (Q. J.G. 8. vol. xxvii. p. Mop), while the interbasaltic 
sedimentary beds of Antrim furnish examples of still more con- 
siderable rivers fiowing in the same direction. 

Besides the difference in their coarseness, the gravels of Ardtun 
are distinguished from those of Carsaig hv a large mixture of rolled 
pebbles of volcatuc rocks, wdiich may have come from the direc- 
tion of Benmoro, showing the infliix of a tributary stream from a 
region of acid eruptions which had not been overwhelmed by the 
Traps. The central region of Mull appears to me in fact to have 
remained elevated during the Eocene, while the Traps were piled 
round its sides to a depth of 2000 feet *. A restoration of the 

♦ This opinion is partly ba«>d on a careful survey of Beinn i Ghraig, a ridge 
of syenite between Benmore and Loch Bii, ntaclhng'a height of 1939 feet. The 
original maw is traversed obliquely by three gigantic dykes of felatone of slighriy 
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contours about the riTor-gravels shows high ground to the south 
and east, coinciding with the boundaries of the Traps, with the riyer- 
channel roughly following the present outcrop of Palaaozoio rocks in 
the Boss ♦. A spur of gneiss from Benmoro, represented by the 
gneiss of Gribuii, Erisgeir, and Inch Kenneth, directed its course 
westward, and we have seen that there is but a slight trace of it along 
the shore of Torosay. The actual river-bed is traceable for a little 
over 9 miles, and it ran in a north-west direction. There is but little 
hope of tracing it further in this area, unless fragments of its bed 
should by chance be preserved in the Isles of Bac Mor, the Dutch- 
man’s Cap, or in Lnuga. I succeeded in getting near enough to the 
latter to see tliat there, at h^ast, this is improbable, lnit continued high 
and adverse winds frustrated my efforts to reach the former. When 
we consider, however, that the preservation of Ardtun itself is mainly 
due to the accident that an intrusive sheet of gn^at hardness runs 
through it and buttresses it at both ends, and that the presence of 
gravels w^ould bo a source of weakness and facilitate disintegration, 
we see that it is far more likely that its course is now under the 
sea than in the few islets that still remain above water. Indeed the 

ditfereiit quality, one in the centre anil one at cither end, in a direction uLmost 
parallel to tlie Sound of Mull. (That at the eoutliern end, though provisionally 
called by the field-term of “ felstime,” is a hard, coinpact, black r(K*k, wo!».l,hering 
virilli a smooth white crust ; under the inicroKCope it shows a liuo-gruiued matrix 
with porpliyritic augitos, and what appear to be nunu'rous iiu^Jusionsoj' unot her 
rock. Its specific gravity is as iugh US 2 U(t --(k C. J It is probable that the 
syenite would long since have crumbled away but for tlie ])rot,(‘cliou of the 
dykes, wliidi weather slowly and act as supports, 'the moimlain on the opposite 
side of Loch lU is of precisely similar structure ; but 1 omitted to state that 
there is in the first also a small dyke (if gabbro ami one of doleriU> traversing 
the syenite. It seems likely that the ernter of which noiirnorc is a fragment 
was formed at a later date, and after the Trap erui>lionH had ceased. So fur as 
1 could make out from this particular section, thi* syenite (tr granite region 
may have been a cluster of hills altogether outside any crater, and the felstone 
dykes may belong to any period unlecedeul to the Tertiary. It is impossible to 
say whether the Ross-of-Mull granite, which i.s red, is in any W'ay connected 
with the syenite of Benmore, hut then^ are boulders of a gn^y granite lying 
about, which seems, in some nispeerts, intermediate Iwtwecii t hem. The Ross-i^lT 
Mull granite i8perhH})8 not far off at a low level and may bi» concealed by talus 
or vegetation; lor the whole district as well as the sliores of all the Loi.fjo ami 
of Ulva and Morvern are strewn w'ith fragments of it. ^I'o suppose that this 
was carried by ice from tlie l<.>w groutid ((f the Ko.ss to the south-west during the 
(Ihicial period involves physical difliculty, while in that case it must have been 
accompanied by blocks of the intervening gneiss, which does not appear to me 
to be the case. 

♦ It is a question w'hetber the line of junction between the Traps and gneiss, 
west of Bunessan, is marked bv a fault. At Ardtun we arc close to the base of 
the Traps; On the coa.st, 0 miles due w'ost of Oarsaig, the actual junction shows 
the basalt with slightly upturned edge against the gneiss, which is fMJrfeetly 
riddled by small veins There are no intervening secoudary bt*d» as shown in 
Mai'culloch’s election. The manner in which the edge of the gneitjs is penetrated 
by the I’rap appears an argument against a fault, ani we cveiyrwhere see 
eiddence that the secondary striita. were not only very locally and unecjually 
deposited in this area, but that only patches of them rcinainwl at the time of 
the first Trapfiean eruptions. A downthrow of from ItHI to lit K) feet would in 
any case bury their entire thickness, and a fault, of KXK) fcKd is unnecessary for 
the purpose. 
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low lands whidi the river must have sought would inevitably have 
sunk under the enormous weight of Trap poured out upon them ; and 
in this area at least it is highly probable that we have little more 
accessible to us than the flows which clung to the flanks of the 
hiUs. 

The Flora of the Ardtun Leaf “beds. 

Considerable collections from these beds were made some 35 years 
since and were deposited in the Museum at Jermyn Street and at 
Inverary. About five years ago Mr, Koch made a large collection, 
which he presented to the University Museum at Glasgow. No 
specimen was to be found in the British Museum or in the Edinburgh 
Museum, and the flora was equally unrepresented in even the most 
complete of our University and great provincial museums. The 
collectioTiB that did exist were from the beds shown in figure 3, and 
the bed marked d in figure 6, the matrix, in most cases, being a 
crumbling black shale, in some a hard grey rock ; and the specimens 
of leaves were, with few exceptions, of a fragmentary description. 
I first endeavoured to supplement these in 1 883 and 1 8S4, but it 
was not until 1885 that regular quarrying operations were under- 
taken, with the result that large and ])cri‘ect specimens of the chief 
tjrpes have been procured in abundance, Jind arc now in the British 
Museum. One specimen in particular, nearly a yard in extent, 
shows several forms of PUttaaitea and fronds of OnoeJm in j)erfect 
preservation. Whilst collecting these, I excavated the hods marked 
f to i in fig. 0, which, though a])parenfly observed hy the Uiikc of 
Argyll, were at that time regarded as inac(^<^8siblc. The layer r/ is 
a limestone as finely grained as that at SoJenliofen, and contains 
impressions of leaves as beautiful as can bo imagined, though it is 
unfortunately refi'a’ctory and breaks \vith a conchoidal fracture, 
which baffles the search for fossils in it unless extreme care is used. 
Even when found, the absence of cleavage-planes makes it difficult 
and tedious to expose them. On the other hand, stjiiaro yards at a 
time may bo exposed of the underlying pale grey clay, completely 
covered with magnifieeiit-looking leaves, preserving the colours 
proper to them wlien they sank waterlogged in the stream ; hut 
here disappointment at tends every uttemj)! to remove them, for the 
clay instantly breaks u]) into pieces a lit tle bigger than dice, and 
continues to crumble. The mere sight of such masses of leaves is 
most instructive, and from notes taken on the spot I am able to 
speak of the relative abundance of species, their variation, colour, 
and the maximum sizes attained by them. I also ascertained by 
this means that our knowledge of the flora is still relatively very 
imperfect. We are, however, now in ywssession of a large number of 
specimens, especially from the limestone, the nature of which I have 
endeavoured to convey in the accompanying Plates (Pis. XIII.- 
XVI.), in which only those of moderate size could be included. 

The bods share a peculiarity possessed by most of the Eoeene 
plant-beds in England, namely the absence of traces of aquatic life. 
It is diflS^cult to come to any conclusion regarding the cause of this ; 
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Ibr we oati hardly suppose thai; bodies of water so eousiderabie ^ 
those which deposited these, or the Beading or Bournemouth bedst 
were destitute of hsh and molluscous and insect life. Of the latter, 
in its terrestrial form, we have, as usual, scanty traces. The most 
interesting is a detached wing in which the neuration and colouring 
are beautifully preserved, and which appears to be in all probability 
the hind wing of a Cercopid of an extinct typo (PI. Xlll. fig. 0). 
rig. 8 shows part of the wing-case of a beetle which has adhered 
to the matrix so tliat only the inner side is visible. One or two 
smaller elytra have been found in the black Ahalo. 

Only one species of Fern is known, Onoclea (Filidtes) helridica, 
Forbes, of which specimens have now beeji discovered, showing that 
the barren fronds were larger and on a stout rachis, and also exhibit- 
ing the fertile fronds which had not previously been met with The 
only other vascular (h yjitogam in the flora is Fijmsvtum Camphelli% 
Forbes, but both this aud the Onoclea are undistinguishablo froin 
living species. There are also but few indications of cellular fungi 
on the leaves, and 1 am inclined to look upon this as one among 
many iiidicatioiiS of relative aiiti{iuity. 

Among Gymnospenus the (Jlnh/o is by far tlio most abundant, 
and its leaves form a considerable proportion of those seen in the 
clays. Podocarjyus CamphdU ^ ^ , S. Gardn., comes next, and is inter- 
esting as being so far the most northerly representative of the genus, 
either living or fossil. A third is Taxus (.■aut/Mli. Forbes, a Yow 
strongly resembling Taxos adjyremr of Ja}>ant* Pin* U 
represents foliage more lu'arly approaching speciiiieiiH from Atanc- 
kerdluk, in Greenland, determined as Sef/nola JMta/Hdor/u by liecr; 
and fig. 2 would appear to b(*long to his (J hfj dost r ohm tneopieus. 
Fig. 8 shows a small fruiting branch, which indicates the presence 
of a second s[)ecies of PodocarpiiSy with short fulcalc leaves arranged 
spirally, and small berries, scarcely exceeding th(‘- eighth of au inch 
in diameter, borne in small terminal clustcrvS. Tlie foliage is not 
uncommon in the black shales : and in the absence of any evidence 
regarding the fruit, 1 had provisionally jilaced it w’ith the Bally- 
palady (Jcypiomena^ which it very strongly resembles. The occur- 
rence of this beautifully preserved twig in the white limest-one, still 
retaining its shining black berries, is one of those fortunate cir- 
cumstances which encourage the collector of fossil i)lant» to jjcr- 
severe, even whem the collection of leaf-forms from a bed seems to 
be well-nigh complete. 1 can find nothing nearer among the living 
Podocarps than 1\ enpressina, B. Brown, from the J*hili])pine8 and 
Java. 

There are no Monocotyledons beyond a liliaceous-looking leaf and 
a few reed- like stems. 

The l>icot 5 'ledon.s are abundant, and the collections include more 
than thirty distinct sj)ecies, most of them so adequately represented 
that the range of variation in the leaf is practically ascertained. 
Foremost among them is the splendid form Platanitea hehridmes^ 

* Journ. Liim. Soc,, Bot. vol. xxi. pJ. xxvi. 

t “Eocene Flora/’ J. S. Gardner, Monogr. Pal. Soc. vol. ii. 1884 and 1885. 
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Forbes, the leayes of which attained the large size of 15 inches, 
measured from base to tip. The variation in shape among them is 
very great, and might give rise to numbers of species, for the forms 
of the lobes and the serration differ so widely that mere fragments 
could hardly identified. The external resemblance of the leaf to 
Flatanus is very superficial, and Prof. Forbes’s determination was 
confessedly a mere guess, lor the fragments he had to deal with bore 
at least an equal resemblance to the leaves of many other kinds of 
plants ; but in 1 SSf) whole slabs of limestone were found to be 
covered with innumerable minute seed-like bodies ( PL XIll. fig. 14a, 
magnified); and in othtT cases clusters of small globular catkins were 
found (PI. XlIl. fig. 15). Last year the specimens figs. 15 & 14, 
showing the catkins in the act of breaking up, supplemoiited these 
and provcid them to ])elong to the same plant. The small bodies were 
recognized immediately, and (|uite indc])endoiitly, by Mr. (Jarruthers 
and l^rof. Oliviu-, us the authors of a Flatantut. We thus find the 
male flowers in enormous al)undaiice; but flg. 12 represents the only 
object resembling the female, a fact th(^ more singular as it is pre- 
cisely reversed at Heading, where leaves of I.*lftt(Uins also abound. 
'J'he lc‘;ivo8 occur in great profusion, especially in some of th(' layers 
of black shfde. They have boen collectofl at Atanekerdluk, but of 
much smaller size, by Whyrnper, Colomb, and others, and being 
wholly difl’eront from any Miocene form, should b(‘ar the name given 
by Forbes. Another very fine and undescribial form (Krcurs in the 
limestone ; and a rarer leaf in the black shale which is common at 
Atanekerdluk. and has been called phrUfnia^ and apparently 

also siKctdhtHn and P. ((Ji^nKins. by Hotn*. Among 

the large leaves in the clays, seen but not colleci(‘d, appeared to be 
forms like those described from Atanekerdluk as l^ihanium muhi- 
nerve, Ahins Kefet'Atclni ^ MiUinoVui tSic., from Greenland, 

but of relatively much larger Hiz(\ 

The only other loliod haif in the flora is the /hjcc-looking leaf 
(Pl.XTY. tig. 1 ), of which the smallest and most exquisitely preserved 
specimen is figured. I’here is nothing resembling th(' fj 'njnidambur or 
found in the Atanekerdluk h^vel of similar age. 

Among the ovate-serrate leaves, that called Von/ fun Mtuyuarrii by 
Heer, PI. XV. tig. 5, is the most striking, and occurs most commonly 
in the Liiu(‘stone, It is of a dark brown colour, and certainly resem- 
bles the hazel in a .striking degn'o. Thin pellicles occur, PI. XIII. 
figs. 5, 0, lU, in the same beds, with parallel and forking venation, 
which might he fragments of the husk ; but the total absence every- 
where in the Eocene of anything like nuts, and their abundance in 
the Pliocene, renders it diflicult to believe that the genus CoryJm 
was actually in existence during early Tertiary periods. The leaf 
form recurs in many genera, and we must probably look elsewhen^ 
for an acceptable determiuatiou. The same doubt, and for the 
same reasons, extends to all the determinations of GnpuUfet'CB from 
the older Tertiaries, except the and ako to those of the 

Juglandem. The Oory?i*s-like leaf is found very commonly at 
Atanekerdluk, and the 8X)©cie8 might bo known provisionally as 
Corylites Metequarriu 
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A new and very rare leaf at Mull is perhaps identical with the 
Qiiercuts grosnhndiea, Heer, from Atanekerdluk, some of the speci- 
mens of which seem, however, to have been placed in Cnntanea 
Ungeri by that author, though they do not resemble the Miocene 
Chestnuts of either Europe or America. The specimen is illustrated, 
PJ. XIV. fig. 2, and the si»ecies I would suggest should for the present 
bear the name of Qaercites groanlamlicus. There is another very fine 
CasUtneaAi]iHi leaf in the limestone, which is too large to illustrate. 
We also appear to have forms identical with those erroneously 
described as Ahius nostraitis^ Viburnam 11 Ay my >rr?, and CarpintiS 
grandis^ together with the forms figured, Pi. XIV. fig. 3, PL XV. 
fig. 2, and PI. XVI. fig. 1, which as yet seem peculiar. 

Among the leaves with highly characteristic venation are the 
Zizgphus hgperhorexis or Palhirus borealis of Ileer, both of which 
belong probably to the same s]>ecies, Popnlas Hkhanhoni and P. 
arctica, which also seem to be undislingnishable, and Cornus hyper-^ 
horea. Perhaps the most beautiful and distinctive' leaf-form, how- 
ever, in tlio whole tlora is the oxcjnisitely maikod leaf with triple 
midrib and crenaied margin shown on PI. XV. fig. 1. Tlie colour oa 
the face is jiiire white, with veins black, but on the \>ack the whole 
leaf is plum-colour. These strongly marked characters seem to 
justify us in regarding it as a species of Pahmeria^ of tlio Urtioose, 
and may even serve to identify it \^ith an existing species of 
Japan. I ]»r()pose for this species the name of lUrhme.ria (oitiqua. 

There are, in addition to these, a number of simple ovate leaves 
resembling those of the Hay and Laurel, <Jcc., 1*1. XVJ. figs. 2, 3, 5, as 
well as iluj lihauiniies of Forbes ; but it se(*ms s<*areely ])ro]>ablc that 
an}’ of these are capable of gcmeric identification from tlio leaves alorio. 

The flora is distinguished, like all those of (‘arly Eocene and 
Cretaceous age, by the absence of the so-cal](Ki ('inn am on -leaves 
and the ^Smilaci(r, which always enter into the composition of 
Middle Eocene and Oligocene floras rather largely. There is, in 
fact, not one tyjic cliaracteristic of tlie Middle Koctaie, Oligocene, or 
Miocene in Enghand or Central Europe to be found in it, and it 
shares wdtii all floras of similar or earlier age tlu^ peculiar facios 
given by the complete absence of leguminous pods*. 

The Ardtun deposit is known to lie of newer age than the Chalk 
of the same area, because it inQludes niutorial derived from it; and 
iu the absence of evidence linking it with any lat('r stage of the 
Cretaceous, it must be regarded as 'I’ertiary t. The jiartieular stage 
to which it must be assigned has to be determined chiefly on the 
evidence of the fossil jilanb^ contained in it. It will ho seen that 
though we cannot exactly parallel the Ardtun flora with anything 
else, its genertil facies is more that of a Cretaceous flora than of a 
Tertiary one, and that its most characteristic typos ceased to exist 

♦ The only figiare throughout the ‘ FWa Arctica ’ purporting to be part of a 
fruit, ** Leguminosites, ep.,” is a torn fragment, which might equally be part of 
a leaf. 

t In the Trans. Edinb. Geol. Soc. vol. i. April 1867, Mr. T. Smyth mamtains 
that the Lower Basalts oi‘ Ardtun and of the sides of Eingal’s cave, in Staifa aio 
Upper Cretaceous, and the leaf^bed of Ardtun, Miocene. 
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in Europe with the stage known to eontinental writers as Pfdeocene. 
Further, if we accept the stratigraphical evidence linking it to the 
floras of Antrim, we are able to fix the age of the next overlying 
flora as not later than that of Gelinden, a flora of ‘ Heersien ’ age, 
and probably contemporary with our Thanet Beds* ; and to check 
this by a third and much newer flora, that of Lough Neagh, in which 
for the first time the most characteristic plants of the Middle Eocene 
make their appearance. This evidence, complete as it is, is backed 
by a largo amount of negative evidence, and must carry conviction, 
unless it is denied that plants in those days followed the ordinary 
laws of nature and appeared in any definite sequence. 

Thirty -five years ago, when the Ardtun flora was brought under 
the notice of the Society, scarcely anything was known about fossil 
plants. The existence of Dicotyledons of Cretaceous age was not 
even 8usj)ected, and except the abnormal flora of Sheppey not a 
single assemblage of plants of acknowledged Eocene age had been 
adequately illustrated, while the monographs on Tertiary plants in 
all did not reach ten in number. The science was in its infancy 
when Edward Forbes hazarded the opinion that the plants would 
prove to bo of Miocene ago ; and those who have been accustomed 
to regard the age of the Ardtun flora as no less well established than 
that of Alum Bay will bo surprised to realize the slender basis on 
which tlie determination has rested. 

The iirst notice of the occurrence of fossil plants in these Traps 
was published by the Duke of Argyll in January 1851 1. Though 
well aware that they wore of Tertiary ago, he refrained from making 
any more definite statomeut regarding them ; but Trof. E. I'orbes, to 
whom the task of describing the plants themselves fell, thought 
** that the gtuieral assomblago of loaves, when judged by the present 
state of our knowledge of the vegetation of ancient epochs, is 
decidedly Tertiary, and most probably of tliat stages of Tertiary 
named Miocene.*’ Ho was unable, however, to identify any of them, 
either with forms of the British Eocene J or European Miocene, and 
was forced to regard tliem as “ in ail probability ilistiuct from any 
recorded species ”§. One, however, PhUamUs kchridlcus^ he believed 
to have “ a close affinity with J^Iatanas h rcnles ii^ from the marly 
slates of Croatia;” and another Camphellii, ** allied to the 

Taxites ilosthorni of Unger, from the Miocene lignite of Cariiithia.’* 
The remaining six species (really only four) presented apparently no 
sufficiently decided resemblance to any previously known form to be 
worth alluding to, AVe thus see that, when describing them, Forbes 
was only able to say that the small fragiiu;nts of Platan I which 
were all he had, were something like an Eocene form from Croatia, 

* Ceol. Mag., April 1887. 

t Quart Jouru. Geol. JSoo. vol. vii. p. 811. 

t X, c. p. lOit 

I The known British Eocene floral appear to have been the abnormal ones 
of Sheppey and Alum Bay, which certainly bear no resemblance to that of 
Mull, 

II Unger, ‘ Chlor. Protog.,' p. 188, t. 46. They belong aotnally to very distiiust 
ty of leaf. The slates were described as Eocene. 
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ond the Tasites^ a yew-lil(e conifer of a type actually common 
to every flora, from the Jurassic upwards, was something like a 
Miocene conifer from Carinthia. 

The next reference to the Mull flora that I have traced occurs 
in Lyell’s ‘Elementary Geology,’ 5th ed. 1855, p. 181, where the 
author saya, “ no accompanying fossil shells have been met with, 
and there seems therefore the same uncertainty in determining 
whether these beds are Upper Eocene or Miocene, whi(!h wo ex- 
perience when we endeavour to fix the age of many continental 
Brown-Coal formations, those of Croatia not excepted.” Jukes, 
Phillips, and other contemporary^ writers make no mention of the 
Ardtun plants, and no very definite opinions concerning them seem 
to have been formed until 185f), when De la Ilarpe visited 
England. 

Ho wrote, after examining them, that though most of the im- 
pressions are hardly determinable, and ho is unable to identify any 
with known species, be fully coincides with Forbes’s opinion, and 
can only regard them as a Miocene flora*. 

In 1859 Heer pronounced them to be Miocene, though ho had 
not scon the specimens, and had only the rather defective figures of 
Forbes’s very imperfect specimens to go u])ou ; yet this o]>inion seems 
to have been regarded ns final, and has remained un contradicted to the 
present day. AVhat bo aciually Siud wasf that Ardtun Head was 
the only point in Groat Britain which had until then yielded 
Miocene plants, amongst which were Siujuoia LanfjsdorJii jind /^/«- 
ianue aceroideA^ Gp. (?). In a footnote (p. 314) he is more explicatt ? 
but wo see that the Td.viU's of IVlull has sliorter leaves than the 
Seqtwla it is identified with ; the Platanns is only verjf prohahhj the 
1\ aceroides^ the imperfect ])reservation of the raargiii leaving room 
for $omc donhi to e,vist ; the Ahiitoi is perhape the Cortflns ; the Rharn- 

* “ Q.uoiqiie la plupart dcs einpreintes nicucinies fioioui peu (letcnuiuables «t 
que je n’en puinse rapport.er aucune a des esp<*c«s coiinnes, je partaga ploine- 
mciit I’opinion de M. Forb(‘», et u'y voie aussi qu’uoc* florulo de I't^poque 
Miocene. La presence d’un Ahtu^’i {AlnifcaJ Ma-cQuarrii, Forb., pi. iv. fig. ,*t) ; 
celle (probable) d’un Acer (Pfafonifc.s hchridk'us, Forb., 1)1. iii. fig. .‘i, etpl. iv. 
fig, 1), voisin de YAccrifea wtegerrimuA, Viv. ; et cello dim lihammin {Hham- 
nifen? muJfinervafus^ Forb., et UJiamnitea? major ^ Forb., pi. iii. fig. 2 et 3) ; 
eiifin, la position gtu>logiquc du gisoinent sonl anUint de motifs en favour de 
cette opinion.” (Hull, do In Soc. Vaudoino, IBoO.) 

t Flora Tort. Ilelv. vol. iii, u. 313. 

t “ Der Taxifea Cainphellii^ Forb., ist die Sequoia LaurfudorJIi ; tlie Blatter 
Bind zwar ctwas Itiirzer ala sir bei unsem Kxomplaren gcwbhnlicb vorkommen, 
docli linden sicli aolcbo kurzblattrige Formeii auch bei umb und in Oeatreiob 
(<?/. Unger’s ‘ Iconogr.’ Taf. 15, fig, 13). Plataiius hebridirm, Forb,, ist sehr 
wahrscbeinlich PI. aceroides, Gp. Das Blat.1 hat nur 3 Hauptnerven (kaim 
daber nicht zu Acer mtecferrimuA. Viv., ^hdren) und nberhaiipfc ganz die Ner- 
vation der geiiannten Platane. Leider ist aber der Blnttrand nur an wenigen 
Stellen erhalten, und so bleibt imnier noch einiger Zwcifel; sonst musste der 
Name von Forbes als der alterc vorangestellt werden. Tuf. 3, fig. 4, gehort 
vlelleicbt zu Cort/lm grosse-dentata, Hr. Die Bandbildung ist wahrsoheinlich 
unrichtig gezeichnet. Taf. 3, fig. 2 (Ehamnites? multinervatus, Forb.), ist 
wobl Berchemia muUinertm^ A. Br., sp. Die merkwurdigete Art ist der BUi* 
ciieB ? kebridieus^ Forb., ein Farren^aut, das in seiner Nervation aehr von alien 
des Continentes abveieht.” 
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1 probably the Berchemia ; the Fern is of a type unknown on 

the continent. He thus differs in detail from Be la Harpe, and is 
indisposed to admit that the flora contains either Alnus, Acer^ or 
Rhamnus^ the juesence of which had convinced tlie latter as to the 
Miocene age of the flora. His four rather hesitating ideutifications 
Bufllced, however, to induce him to speak even more positively than 
Be la Harpe, who had at least seen the specimens, as to the age of 
the beds ; but he reduces the value of his evidence by only admitting 
two, the Sequoia and the Platanm^ into the exhaustive tables which 
conclude his great work on the Tertiary Flora of Switzerland. I 
cannot trace thfit these identifications were in any way increased or 
modified after Heer’s visit to England ; but in 1802 he changed the 
name of Oorylns (jroHHedentaia^ of the Aquitanian of France and 
Switzerland, to Vonjlua MacQacti'ni^ Forbes, sp.* 

This completes the evidence upon which the Miocene age of the 
Basalts was defined ; for in the 0th edition, 180.5t, and all subse- 
quent editions of Ly ell’s ‘ Elements,' and ‘ Student’s Elements of 
Geology,' wo find the following : — “ and his [Forbes's J opinion has 
been conlirmed by Prof. Heer, w'ho found that the Conifer most 
prevalent was the Sequoia Langsdorjli^ also Con/lus (jnme-deniata, 
a Lower Miocene species of Switzerland and of Menat, in Auvergne." 

Thus the age of the liods has been based on the litliographs of 
four 8])ccies, wanting in detail, and represented by mere fragments 
of leaves, which ev(ui Do la Harpe, who was not easily discouraged, 
regarded as “pc?! d<’Urminid)U\!' the 8})ecimen8 being, in fact, in 
black shale, and by no itu^ms easy to make out. 

A lett(?r from Heer fo Ch. (inudin, dated IHob, published in the 
Bull, do la Soc. Vaudoise, show’s tliat the only floras recognized by 
him as Eocene at tliat period J were known to him from the descri|>- 
tions, without illustratioim, published bv Gaudiii and by Bronguiart, 
from Bowerbank's work on the English Foc(ou‘ plant s, and tln^ Hora 
of Monte Bolcu. All others, though dtiscribed us Kocene in published 
works, ho regarded as Miocene §. It is easy to so(^ how, with the 
ordinary ty])es of Eoeeme flonus (and some of the isolated Swdss floras 
may bo Eocene), grafted on to the Miocene floras, tliere was always 
at hand a scale by which evoiy flora, except such abnormal ones as 
those of Sheppoy and Alum Bay, w^ould be determined to be Miocene, 
and be of use in turn in incorporating floras of even more widely 
different ages. On the jdant-cvidence, Heer w ould have pronounced 
the Beading and the Bournemouth floras to be Miocene had they 
been knowm then ; for they have a very large number of species in 
common wnth European floras lie had already so placed. He did, in 
fact, pronounce an American Orefaceoas flora sent him to be Miocene, 
so that it is obvious he was not in a position to offer anj' sound 

^ NaUirf. Geeollsoh. Ziirich, 1802, p. 178. 
t Ly^l, * Elements/ ed. 6, p. 230. 

1 “Oiiest done la flore — Jc ii’en connais pas ailleurs qu*au Monte 

Boloa, en Angleterre, et dans le bassiu de Paris.” 

'§ ‘*C©t examen m’a parfaitemtmt confirm^ ropiniou que Haring, Sagor, 
Sotska, Badoboj, de mtoie que le Monte Promina soni mioc^es et non point 
‘ “ (BuU. Soc. Vaudoise, 1866.) 



and 6BAT1&LS OF ABDTON, ETC,, IN M01X. 296 

opinion regarding the age of any of the older Tertiary floras, even 
with the best of material. 

There are, moreover, many prevailing tyi)es of leaves common to 
widely distinct genera which seem to occur in most floras, whether 
recent or fossil. The so-called Con/lm^ on which so much stress 
has been laid, is one of such ; for even the brambles and hazels in 
any hedgerow are seen to have the same cutting and venation. 
The identifications of the and (rroenland plants with those of 
European Miocenes will be seen to rest upon loaves of this kind, 
and not upon the well -characterized forms, which differ most com- 
pletely. Instances of similarity, and even identity, between the 
Greeriland plants in question and those of the Oretacoous and older 
Tertiary floras of Europe have passed without comment, whilst the 
majority of the idtmtifieatioiis actually made are untrustworthy, for 
in nearly every case there are marked and often fundamental dis- 
crepancies between the form and venation of the loaves compared. 

Of the Ferns, the oldest are unknown in any other European 
formation, though the Ihillypalady tyjw appears in the ‘ Heersien * 
of Gelinden and the Woolwich Beds of Bromley; but directly the 
newer beds of Lough Neagh are reached two widely sj)read Middle 
Eocene types appear ( Journ. Linn. Soc., Bot. vol. xxi. pL xxvi.). Of 
theConifene, the only one to reappear in any post-Eocene deposit of 
Europe is the still living Oinkcfo^ which recurs in the late Miocene 
or Pliocene (?) of Sinigaglia, in North Italy. It is upon the Dicoty- 
ledons, however, that reliance has chiefly been placed ; and it is 
likely that their evidence is the more trustworthy, since they must 
have been undergoing somewhat rapid modification in the direction 
of existing species and genera. 

The first fossil plants brought back by Arctic ^^xpediti()n8 were 
from the lower of the two plant-beds at Atajiekerdluk, in Green- 
land ; and collections from this were made by McClintock, Colomb, 
and Why m per. They were determined by Hcer to be Miocene, and 
comprised not only all the pi ants from Ardtun illustrated by Forbes, but 
most of those since discovend by Baily at Glonarm and Ballypalady, 
in Antrim. Fifty-two out of the 178 species* from this bed wore 
identified with European or American Miocene plants, and these we 
propose to examine, since the evidence in support of the Miocene 
age of the Ardtun plants alone would scarcely require further con- 
sideration ; whilst if the Atanekerdluk bed is really Miocene, the 
Ardtun bed would bo equally so. The Atanekerdluk bed is 1200 
feet above tlu^ s(‘a, and under a great capping of basalt ; most of the 
leaves were found in a reddish concretionary ironstone like that of 
Lough Neagh ; and others, less distinct, irt dark shale and a yellowish 
ochreous sandstone, A second plant-bed occurs 2fJ0 feet above, 
with considerably more than half its 78 species peculiar to it, and 
much less like those of MuU and Antrim. Since then, fossil plants 

* At least one half of these should be suppreHsed. Robert Brown, the com- 

panion of Whymper, was the first naturalist to visit these beds, and he strongly 
protc«ted*against the ** reckless way Heer makes species and genera out of these 
fonaW* IW. Edinb. QaoL Soc. voL i. p. 104 (1868). 
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hare been collected from more than forty fresh localities within the 
Arctic Circle, some of which are obviously of much later age, and 
which we need not now take into account. 

The most conspicuous of the leaves at Ardtun, both on account of 
its size and abundance, is the Platanites hehrldicm^ Forbes, identi- 
fied by Heer*, first with Platanm ctceroidcs^ Goppert, of Schrotz- 
burg, and subsequently with P, GidUelmm, Goppert, of Rchossnitz f. 
The materials for com])ari8on wert^ the two figures in the Journal of 
this Society, neither of which show base, apex, or margin, and some 
hardly more perfect specimens from Greenland, the fragments of 
different leaves brought homo having, it is stated, to be pieced to- 
gether to got an idea of the leaf. The fine series of perfect speci- 
mens which we now possess shows that Forbes’s species differs in 
nearly all its details, and is a much larger form than any of the 
Miocene species of Platanm of either Euroy)o or America, and 
greatly resembles the Cretaceous Credneria, as observed, indeed, by 
Heer, as well as some of tho Sezanne leaves of Paleocene age. 

Gastanea Umjerl^ Heer, Fagm casta nert folia, Unger, from the 
Miocene of Leoben and Wartzborg, in Styria, &c., and of the 
American Miocene, is a handsome species and probably a true Cos- 
tanea\ but the cutting of the loaf in the Greenland s]>ecimons identified 
with it is diftbrent, and tho fruits X which are cited in support of the 
determination are far more like the similar bodies from Ballypalady 
than like chestnuts. Fagus itmcrophglla, Unger, is identified as a 
Greenland fossil on au indistinct fragment of a leaf which differs in no 
respect from the above ; whilst the leaf named Qttereus fumncrcis, 
liossra., is probably only another specimen of tho same species, and 
differs widely from any leaves of the Swiss Molasse or the American 
Miocene bearing that name. The supposed Planera Etf,, of 

Greenlaud, is re])re8entcd by a single s])ociraen, which might well be 
a distorted form of the same so-called Custanca ; and neither its 
form, cutting, nor venation justify its association with the well- 
mai'ked Miocene form, so prevalent in tlie Molasse &c. of Switzer- 
land, Germany, and Italy. 

The supposed Carpinus grandis, Ung('r, of Greenlaud and "Mull, 
is a leaf with different cutting, and veins much wider apart and 
more forked than the S^^ iss or American forms. 

Quennis Drymeia^ Unger, is a s]) 0 (*ies well known from the Middle 
Eocene to the Oligoccne ; hut there is nothing in two fragments from 
Greenland to justify their reference to it. 

The same remarks apply to Salijc vnHans, Gdpp., and to the 
single imperfect and characterless leaf identified with Rhamnm 
Jlossmusshri, 

The specimens ascribed to Jvglans aemmnata^ A. Br., are im- 
perfect leaves without decided characters, which do not resemble in 
any definite way the splendid specimens figured by Heer under that 


Flor. Tert. Helv, vol. ii. p. 71. , 

t Goppert, * Hie Tert Flora von S^ossnite in Sehlenen/ 1855, 2L 
X Flor. Arot vol* ii. pi. xlv. figs. 2-2 h. 
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ntanB ia the ‘ Flora Tertiaria Helv/ (voL iii. p. 8B, pie, 128 and 129), 
and they would be better placed under Magnolia Inghfieldi^ Heer, 

Corylus Macquarrii^ Forbes, so very abundant in Mull, is probably 
distinct from the Miocene 0. grosse-dentata while the single 
smaller leaf, separated as Q, insignia^ is only a smaller specimen of 
whatever the larger ones may prove to be. 

The fragment referred to lAquidamhar europoium, A. Br., has no 
perfect digit, and the secondary veins are obliterated. The Green- 
land Diospyros hrachysepala^ A. Br., agrees with the form described 
by Lesquereux from the Eocene Lignitic, but not with that of the 
Swiss Miocene. 

Several distinct forms seem to be described under the name of 
Salta? Baeana, Heer, but only one of them recurs among the figures 
of Baltic Miocene (?) plants. 

Quito a small fragment of a leaf and two indistinct fruits are 
referred to Myrim actimiruUa^ Unger; but they may belong to some 
plant widely distinct from that of Sotzka or the Baltic floras, while 
those placed by Lesquereux in the species are exactly like Quercus 
Drymeia. The tiny leaflet called Colutea Salten is vor}^ unlike in 
all respects those figured in the ‘Flora Tort. Helv.’ (pi. K12. figs, BO 
and Bl). Popuhis ZaddacM^ Heer, is only represented from Green- 
land by imperfect leaves, which probably may bo identical with those 
from the Amber-beds. The leaves from the Baltic, the; American 
Lignitic, and from Greenland, referred to Fraxinus dmtimlnta, 
Heer, and those from Bovey Tracey, Missouri, and Greenland, 
referred to Qaercus Lyelli^ Heer, 1 believe in each case to bo dis- 
tinct forms. 

The foregoing species are all stati^d to bo common to the Miocene 
formations of Greenland, Europe, and America. Tlioso which follow 
are supposed to be confined to Greenland and America and Green- 
land and Europe respectively. In the former category we have 
Populus arcticus, Hr., and P. llichanlsoni, Hr., which 1 cannot dis- 
tinguish from each other, from Greenland, Mull, and Heading, with 
leaves large and deeply notched, and from America, small and smooth, 
or slightly notched. Jfedera MacOlarii, Hr., is bascid upon such 
fragments that comparison is impossible. The fine leaf, Vitis Olrikiy 
Hr., of Greenland, is not accepted by Saporta as a vine, and I do 
not see justification for Lesqueroux’s association wdth it of leaves 
from the first and second stages of the Great Lignitic. The grounds 
for separating specimens called Quercus Olafseni from those called 
Gastanea Utujeri, Hr., seem inadequate ; while neither of the three 
very different leaves placed under Jvujlana dentimlata^ Hr., agree at 
all closely with the same species, according to Lesquereux, On the 
other hand, the examples of Palturus Colomfn of Heer and lies- 
quereux appear to be properly united. 

Of the species common to Greenland and Europe, Andromtda 
protogeeay Unger, and A, Saportana^ Hr., are not identified in the 
Greenland b^ on adequate grounds. Acer oUpierix^ Gopp., is 
recognized from a fragment devoid of outline. The parts of leaves 
assi^ied to Populva Fischer, might belong to Magnolia or 

O. J. G. 8, No. 170. X 
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any other form. The specimen named Saesafras Ferretianwn^ Mass., 
though very fragmentary, is far more like a leaf from Dulwich 
and Newhaven than the Italian species. Fa<ju8 dentatay Dnger, is 
represented in Greenland by a few fragments, and Fuf/m Deiicalionis, 
Unger, by one insignificant shred of the same type as others 
called Cmtanea Ungeri. Dryandra amitilohay Brongii., ranks as a 
Greenland species on account of another insignificant fragment, and 
veins are introduced into the figure which heighten the resemblance, 
but do not exist in the specimen. lihamnua EAdaniy Unger, is 
based on a good specimen, but without distinctive character: 
Rhamnus Oaadiniy Hr., on a fragment which is alike destitute of 
base, apex, and mai;gins, and in which even the veins are differently 
disposed from those of the Swiss specimen ; and Itliammis hrevifoliusy 
A. Br., from Switzerland, is quite distinct from that of Greenland. 
JiJiglans Strozzimwmviii Quercas Laharpiiy Gaudin, from Greenland, 
are mere fragments devoid of distinctive characters ; Cornvs feroXy 
XJng., is based on fragments too imperfect for comparison ; and 
Alniis oiostraf/iut, Ung.,on specimens jnst sufficiently distinct to show 
that they cannot belong to that species. Finally, the leaf deter- 
mined as Pojnilus 8 clero 2 )hyUa, 8ap., of Greenland, differs in eveiy^ 
detail from the same species at Armissan. 

These determinations are for the most part based upon specimens 
which I should regard, under any circumstances, as too frag- 
mentary to be of any value, and belonging moreover to types of 
leaves which are so universal that they would, oven if perfect, laU 
into the undotcirrainablo residuum of a fossil flora. It would, 1 
believe, have been just as easy to have identified them with either 
Cretaceous, Eocene, or living species as with Miocene. It is not a 
little significant that none of the finer and most distinctive plants of 
the Mull, the Ant rim, or the Atanekerdluk floras in question were, 
or could he, identified with Miocene species, but were all admitted 
to bo peculiar. Among these, wo have the PUi'osi>ermiti's or Qnercus 
pilatama (for those seem to bo the same plant) represented by a 
magnificent specimen from Atanekerdluk in the British Museum, 
and a similar one from Mull in the Glasgow Museum, recalling the 
larger leaves of Sezanne. Then there is the very satisfactory Ma^jr- 
nolm Inglefieldiy and the tine species named Ilex longifolia and 
Querais groenlandica. 

But the best marked and most thoroughly characteristic leaves of 
the whole arc the Dapthnogene Kaniiy Hr., and the MacClintockia 
nervUy Hr., forms which are equally represented in the Thanet 
flora of Gelinden and in the Antrim floras. These perhaps belong 
to the genus Pilm of the Urtkexx, but they evidently existed in 
Europe at one definite stage and no other, and afford palajoutological 
evidence that should be conclusive. With these is the Rhus hdla 
of Heer, identical with Dewalquea gelindmsis of Gelinden, and a 
few other less distinctive forms. 

The large number of fossil floras brought from Arctic regions have 
demonstrated that there is a gradual passage &om those determined 
to be Cretaceous to those determined to he Miocene. The stratifi- 
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cation of these beds renders it in the highest degree improbable that 
beds of Eocene age should be unrepresented, whilst the known 
temperature of the Eocene would have been more favourable to the 
growth of temperate floras in high latitudes than the diminished 
heat of the Miocene, If palaeontological evidence is to count for 
anything, the floras of Glenarm and Ballypalady must be correlated 
with the Thanet flora of Gelinden ; the lower bed of Atanekerdluk 
is a little older, and the flora of Ardtun is a little older still. The 
relative stratigraphical positions of the Antrim and the Ardtun 
leaf-beds bear this out. The flora of Lough Neagh, which is the 
newest of the basaltic floras in Ireland, is, upon palaeontological 
evidence, somewhere on the horizon of the Bournemouth and Bovey 
floras. 

I have dwelt at some length on the illusory nature of the evidence 
upon which these floras have for so long been regarded as Miocene. 
The misconception as to their age was easy to propagate, but, after 
finding a place in every textr-book of geology for 35 years, is hard 
to remove. If I have failed to attain this object, 1 am convinced 
that it is less from lack of evidence than from failure to arrange 
it in a convincing manner. No stojis towards a rational appre- 
ciation of fossil floras can be made until the fallacies regarding 
their ago are swept away ; hut when this shall have been accom- 
plished, due allowance being made for difforoncos of latitude and 
longitude, they may even surpass faunas in furnishing trustworthy 
data for determining the age of rocks. 


EXPLANATIOJy OF THE PLATES. 

Plate XIIL 

Eocene Plants and Insects from Limestone of Ardtun ; natural si»e, except 

tig. 14 a. 

Fig. 1. Coniferous foliage, resemblbig that from Greenland described m Seqtioui 
Lanffsdorjii, Heer. 

2. Coniferous fbliago, similar to that described as Glypiostrobm emopaUB, 

Heer. 

3. Fruiting branch of PodocwrpuB horcalis^ sp. nov. (p. 289). 

4. Flower-spike stem. 

f), fi, 10. Bracts or fragments of husks. 

7. Small drupaceous fruit. 

8. Elji:ron of a beetle. 

9. Hind wing of a Cercopid insect. 

11. Impression of a large subangular seed. 

12. Fruit of Plaianm Mbridicm, Forbes ? 

13. 14, 15. Male catkins of ditto. 

14 a. Detached anthers, magnified. 


Plate XIV. 

Typical Eocene Plants from Limestone of Ardtun ; natural aixe. 

Fig. 1. Lobed leaf, a form usual^ ascribed to Acer, 

2. Qu^reUee grmUandicuSf Heer. 

3. Ovate, serrate leaf, ondeuarmined. 
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PlAlTB XV. 

l?y{noal Eocene Plants from Limestone of Ardtun i natural size. 

Pig.L Bcfikmeria antioua, sp. nor. (p. 291). 

2. Orate, serrate leaf, undetermined. 

S. Chutes Macquarni, Forbes, sp. 


Platb XVL 

Typical Eocene Plants from Limestone of Ardtun ; natural size. 

Fig* 1. Orate, serrate leaf, undetermined. 

2, 3, 6. Erergreen leares, like those of Myrtaoe<B. 

A hetfdoASBi9> leaf. 


Biscitssion. 

Mr. Bauerman, as Chairman, remarked upon the great interest 
attaching to the study of these deposits, upon which the Author 
hod brought forward a most valuable series of observations and illus> 
trations. 

The President also bore testimony to the value of Mr. Gardner’s 
collections. Kef erring to the points upon which the Author ditfored 
from himself in opinion, he said that when he visited the locality 
he was impressed with the fact that Maccnlloch had correctly 
described what existed then. He thought that the Author was 
mistaken in the significance he attached to “ rubbio-chalk.” Kubblo- 
chadk was not chalk transported, but broken up in sitn. He con- 
sidered that the presence of lignite in the uufossiliferous sand- 
stones lying above the Upper Greensand was indicative of estuarine 
conditions. 

Mr. Cabrutiiers remarked upon the extreme value of the col- 
lections obtained by Mr. (Gardner, but said that as the specimens 
had not yet been worked out, he could not vemture to pronounce any 
opinion upon the evidence which they furnished. 

Mr, G. F. Harris remarked upon the age of the deposits, which 
he understood Mr, Gardner paralleled with the Heorsian beds of 
Belgium ; and if this wore so, the Mull beds in question would not 
be older than the Thanet of this oountr}'. 

The Author, in reply, referred particularly to the small thick- 
ness of Chalk occurring in Mull, and stated that in the case of the 

rubble-chalk,” its being in situ or not seemed to him to be an 
open question. He would not deny that the Greensand deposits 
might be estuarine, but at the same time he thought that Maccnlloch 
had assigned this character to them upon hearsay evidence. 
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23. Notes on the Stboctures and Relations of some of the Oloeb 
Rocks of Bkixtant. By T. G. Bonnet, D.Sc., LL.D., F.R.S,, 
Professor of Geology in University College, London, and Fellow 
of St, John’s College, Cambridge. (Read March 23, 1887.) 

[Plate XVIL] 

Some unavoidable engagements prevented mo from availing myself 
of the cordial invitation of the Soci('‘te Geologiqiio do Franco to our 
Members, and joining their excursion to Brittany last summer. My 
friend the Rev. E. Hill was, however, more foitunatc, and his account 
was so interesting that I determined to spend part of my autumn 
holiday in learning something of the geology of a country to which 
many years ago I had paid a dying visit for the sake of its antiquities. 
I am greatly indebted to Mr. Hill for iho loan of specimens, and for a 
number of valuable hints, both verbal and manuscript. Even greater 
are my obligations to Dr. Charles Barrois, who, being detained by 
official duties in the neighbourhood of Redon, most kindly wrote to 
me several times, pointing out the best localities for stinly, and in 
subsequent corres])ondenco has imparted to me his views in the most 
frank and cordial manner. 8ome excuse mjiy perlLTps be needed for 
writing at all u])on a district which is in the hands of geologists so 
comx>otoiit as the members of the French Hurvey. The imi)ressions 
formed during a passing visit may not unreasonably be deemed of no 
value in the presence of their more elaborate work. But in one 
resx>ect (as Dr. Barrois urged in writing to me) 1 may hope my 
remarks may bo not without use. I did not go to Brittany to 
criticize, but to com^jaro. 1 looked at its rooks in the light of other 
districts with which I am well acquainted, and sought to ascertain 
their bearing on general questions of metamoq>hism and the genesis 
of crystalline schists. 

Three questions, then, were always prominently before mo as I 
worked : — 

(1) Among the crystalline schists what structures, if any, are 
presumably original ? and what are due to subsequent disturbance 
primarily mechanical ? 

(2) What is the probable age of these schists? How are they 
related to, or in what resx>cct do they differ froxn, bods indubitably 
Palaeozoic ? 

(3) How far are both the cr} stalliiie and the sedimentary rocks 
affected by the more imjmrtant intrusive igneous masses ? and do the 
results in case of the latter re.semble the schists and gneis;;es generally 
regarded as of Archaean ago ? 

In regard to each of these questions Brittany supplies us with 
evidence which appears to me valuable. 

I travelled rouud the peninsula by the railway, halting at Vannes, 
Plouhamol, Lorient (whence I visited the He do Groix), Quimporld, 
Qulmper, Brest, Morlaix ; but my remarks will he confined mainly 
Q.J.G.S. No.171. T 



302 


PBOF, T. Gr. BOITNEY ON THE 


to tho sectioDB of the He de Groix, Quimperl^, and Morlaix. The 
physiography of all this part of Brittany singularly resembles that 
of Corawcdl and the adjacent districts of Devon. There are the same 
wide and gently undulating plateaux and low rolling hills, the same 
tracts of grey granite and of shivery slate, the same steep-sided valleys, 
which at last are occupied by the sea, and sometimes become veritable 
fjords studded with hummocky islands : there are the same bare far- 
reaching moors covered with gorse and ling and heath : nay, even in 
the minor features, due to the hand of man, the likeness continues, 
in the dolmens and menhirs of olden times, in the cottages and the 
dykes of earth and stone tliat rejdace hedges among tho fields — even 
in the irregular twists and turns of tlie lanes ! 

Brittany, where I saw' it, is a rather difficult (;ountry for the 
geologist. Except on the granite moors and on the son-coast, and 
occasionally in the vallo 3 ’s, natural sections are railua* ** lai cs and the 
most favoura])le localities, as it happens, are otion fir awa^' from 
the only convenient halting-places. As the country is not densely 
pcojded, artificial sections are not very common. Hence one may 
often wmlk a eonsidorahle distance without seeing any thing but 
woodland or cultivated fields. The task, then, of the g(?ological 
surveyors must have been a laborious one, and I beg l(*ave to 
express my admiration of the manner in wdiich it has been accom- 
plished^'. 

(1) The nedeQrohv. 

The admirable memoir by Dr. C. Barroisf on this out-of-tlio-way 
locality muki^s it needless for me to describe in detail its geology’. 
I wdll morol}^ record the impressions which 1 formed during my 
examination of the eastern half of its coast. This is generally 
rocky, occasionally precipitous, hut, as a rule, easily examined. The 
dominant r(>ck is a mica-schist; that of the greatest minoralogical 
interest is the awphUmlltc d glancojdtane desc'ribed by Dr. Barrois. 
Of the former there are several varieties. Tlie eommoiK’st contains 
chloiitoid as a constituent; garnets arc frecpiently present. Besides 
tliis there are some f(‘ls])atliie, staurolitic, and grajdiitic schists. 
Those schisteti ft cJiloritdfde are generally lull of a, well-developed 
silvery mica (paragonitc?), and the red gani<‘1s commonly vary from 
tho size of a pin’s hcjul tt> that of a small ])(‘a. The sti'uctnre and 
comjiosition of the grou]) has Ixxai so fully worked out h}’ Dr. Barrois, 
that I content m)' self w ith reforring to liis paper. I w ill merely add 

* Tlio circular of invitation, issued bv the Societo Geolojjique do* France, 
contuiiiB a very complete list of works riealing with the geology ol’ IJrittany. 
As this is a long one, aud as a eo]>y is preserved in the library of the Geological 
Society, .1 have thought it needless to add a bibliogr!i}>hicai section to this 
paper. As tho questions mentioned above are in most tvises comparatively 
modern, I have not deemetl it necessary to examine the older works, and to 
some in the list I have not access, but 1 have freely consulted the various 
papers by Dr, C. Barrois, Mr, Whitmuu Cross, and Dr. Le ITir, which deal with 
tlie districts visited by myself, and I took with mo the sheets •* Lorient ’* and 

** OliatcauJin ” of the French geological map. Those including the remainder 
of BritUmy are not, I behove, as yet published. 

t Ann, de la Soc, G6oL du ISord, t. xi. p. 18. 
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that the groups as a whole, not seldom reminded me in its mineral 
composition and structure of some of the schists, rich in silvery 
mica and garnet, which in the Alps, so far as my knowledge goes, 
appear to* occupy a rather definite horizon, some little distance 
below the base of the great and widespread uppermost group of 
schists (the scJdstes lustries in part of some authors ; hiindner Schiefer 
in part of others, the graue Schiefer and griine Schiefer of the Swiss 
survey map). 

Whatever maybe the earlier history of these chloritoid-schists, 
they bear the impress of some later and very potent earth-move- 
ments. Those have produced the dorainan t foliation, winch sometimes 
renders the rock almost lissilo, and in the planes of this cleavago- 
foliatiou, so far as I could ascertain, the larger scales of chloritoid 
(sometimes ^ inch diameter) have been developed. In the bay, 
south of Locmaria, abo\it the middle of the south side of the island, 
the dip (about 20°) of the cleavage- foliation is slightly io the east of 
south, but afterwards it becomes roughly south-west ; and this 
appears (allowing for local disturbances) to be the prevalent direc- 
tion in the eastern part of the island, the angle of irielination being 
commonly from to 20°. 

The amphibolites are chielly developed to the south of Locmaria, 
and near the Fort de la Croix at the eastern end of island. They 
occur in bands, a]>parently interstratiiicd wdth the other schists, at 
most about 50 yards thick, but often less. 

Besides glaucoi)hane, which is usually present, they contain 
garnets (commonly abundantly), together with epidoto, green 
hornblondo, white mica, quartz, spheiie, rutile, and lueniatito. They 
arc commonly schistose in structure, and occasionally e.vhibit mineral 
banding, both structures coinciding w ith the “ cleavage-foliation 
in the chloritoid-schists. The banding is often produced by a pre- 
dominaiico of epidote, sometimes of glaucopbane. ( Iccasionalh^ as in 
a case south of Locmaria, the arapliibolitos are rather massive. 
Sometimes, as to the north of th(i Fort do la Croix (wdiere the rock is 
coarser, the garnets being us large as a pea), they are conspicuously 
schisUise. Not seldom the ampliibolites are rotten, and I heliovo 
that any one who wdshed to collect the rock simply for microscopic 
sections w^ould o]>tain the most suitable specimens from the rolled 
pebbles on the beach. The schistose stnicture is not always clearly 
marked, and some of the rock in its mode of decomposition reminded 
me of the more mjissive varieties of tho “ chloritic schists ’’ of South 
Devon *. The constituent minerals have been so admi rably described 
by Dr. Earrois in the memoir already (j noted, that I will ra(;rcly say 
that some of the varieties of the rock are extraordinarily rich in 
glaucopbane, though the individual crystals of the mineral are not 
generally large t. I quite agree with Br. Earrois that the crystalli- 
zation of the glaucopbane is posterior to tho pressure which has in 

* Quart. Joum. Geol. Soc. vol. xl. p. 1. 

t Some of tho less schistose fonus curiously resemble, both macroscopically 
and microscopically, the glaucopbane eclogite which 1 have described from the 
Val d’Aoste < Mineral. Mag. vol. vii. p. 1). 

t2 
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all probability produced the foliation of the rock, for the ciystals 
exhibit no sign of strain or fracture, but that the garnets oxisted 
anterior to l^e crushing. These are of a brown-rod colour, of 
variable size, but seldom, if ever, more than 0"*4 diameter, com- 
monly loss, often about 0"vl. 

The genesis of these glaiicophane-amphibolites is a question of 
great interest, to which 1 directed special attention. The rock cer- 
tainly appears intorstratitied wdth the other schists ; it is distinctly 
foliated, sometimes banded, aiid simulates stratification. Ilut I 
agree with Dr. Itarrois that wo cannot, therefore, claim for it a 
sedimentary origin*. There appears to be little indication of a 
graduated j)as8agc from the one rock to the other. As a rule the 
divisional linos are rather sharj^. Once or twice I noticed thin 
bands of mica-schist in the amphibolite, which were difficult to 
explain on tho theory that the latter was intrusive. Still, as both 
rocks have evidently been s;i])jccted to earth-movements of great 
intensity, wliich have given rise to the structures now dominant, it 
is possible that the ordinary minor indications of intrusion may have 
been- effaced, and small included masses of the schist, may have been 
flattened out by tho same cause which has produced tho simulated 
stratification of the amphibolite. So that while I will not speak 
positively on a question in regard to which Dr. Barrois, with his 
much greater experience, fears to commit himself, 1 must say that 
I incline to regard these amphibolites as rocks of igneous origin 
and intrusive, but converted into schists by pressure and recrystalliza- 
tion. Tho occasional “puckering’’ of the foliation looks as if some 
movements had occurred after the present crystallization had taken 
place. As to the condition of the schist when tho amphibolite was 
intruded I found no (widence, except that I noticed here and there 
near the junction some rather lenticular bands which contained 
some large, but ill-preserved, crystals, apparently of staurolile or 
andalusite. 

(2) The District around QuimperU, 

In this district 1 examined a part of the soa-coast near the 
embouchure of tho river rouldu, a spot about seven and a half 
miles to the south of Quim])erle, and carried on my work from that 
town in a north-westerly direction for about throe miles along the 
Bannalec roadf- 

The town of Quimperle is built on the rough slopes of two glens, 

♦ Dr. Barrois siiggest-s a similar explanation for t he banded structure of the 
hornblende-schists at tJie Lizard. It is possible that ho may be right. That 
foliated schists can be so formed has b»‘en shown by Mr. Teall, and is proved 
©Lsew'here in Brittany, as will he seen. At the same time I did not myself see 
in the He de Q-roix nearly such good imit-ations (if I may use the phrase) of the 
phenomena of bedding as there are at the Lizard. Moreover, the amphibolites 
are comparatively thin bands, often only a few' yards thick, and this structure 
is most conspicuous in their outer part, while the homblende-scluste of the 
Xiizard are very tliick. 

t It would bo difficult to find a more picturesque place than QuimperU, or 
a hotel more pleasantly situated or more comforti^e than the H6tel de‘ France 
et d’Angleterre, where I spent five days. 
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wMoh unite tbeir waters at the lower end of the town. The 
dominant rook, for about half a league to the north and rather 
more than double that distance to the south, is a strong gneiss 
(mica-^cJmte granitique of Barrois), a broad zone of which extends 
across the country in a general W.N.W, direction. The commonest 
variety may be described as a moderately coarse, rather felspathic 
gneiss, consisting of quartz, reddish felspar, and dark green mica, 
the last-named mineral occurring in thin irregular bands, with a 
generally parallel arrangement, so as to produce a somewhat foliated 
structure, though the rock is not markedly lissile in this direction. 
Macroscopically the rock recalls to mind some of the Hebridean 
gneisses of Scotland, and of the Laureritian gneisses of Canada. 
Varieties may bo noticed. A quarry near the river aud the viaduct, 
just below the town, affords a good exposure of the commonest type. 
Higher up, just beyond the last house, W’o find a more micaceous 
variety, while, still higher up, just wdthin the town, a (piarry shows 
a rock with but little mica, more resembling a fine-grained vein- 
granite. Microscopic examination of the first-named rock shows it 
to be composed of quartz, felspar (orthoclase and plagioclasb) a little 
decomposed, and a dark olive-brown mica. The wavy outlines of 
the felspar, the way in which it encloses rounded grains of (piartz, 
and the general association of the two minerals and of the mica, 
recall to mind a structure which, whatever bo its signiBcanco, 
characterizes, so far as 1 know, the Laurentian gnoissos. 

The finer-grained rock mentioned above ((juarry inside the town) 
differs, under the microscope, from an ordinary vein-granite, and 
exhibits the same arrangement of the (juartz and felspar which 
characterizes the gneiss just described. The only variations are 
that aU the constituents are slightly smaller in size, there is less 
mica, less ap])roach to a foliated structure, and perhaps a slightly 
greater proportion of (juartz to felspar. 

Tliese rocks, then, like many of the older gneisses, give us no 
dominant indication of cleavage-foliation, and wo may venture, I 
think, to say that, whatever be their genetic history, they belong to 
the Laurentian gneisses, though they may subsequently have under- 
gone some modification. Foliation at the first (juarry strikes a little 
to the east of N.N.E. ; the dip is tow^ards the western side, and is 
low, not exceeding 15°. This structure, however, may be, in the 
main, a record of a later disturbance. 

Following the road to Bannaloc in a general north-west direction 
we pass at first outcrops of the above-named gneiss. Then we find a 
quarry in a fairly well-preserved felspathic granite with two micas, 
the black predominating, and about a furlong beyond we pass a vein of 
rotten felspathic granite, intrusive in a micaceous gneiss, the foliation 
of which I should regard as mainly the result of cleavage, and as 
prior to the intrusion of the granite. At a distance of about 2'4 
kilometres from the town is a quarry in a rotten, rather fine-grained 
felspathic granite (the gramdite of Barrois) ; then comes a schistose 
felspathic gneiss {gramdite schisteuse of Barrois); the foliation ia 
the latter appears to me due to mechanical causes. The strike in a 
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pit about 5| kilometres from the town is very slightly west of north. 
Under the microscope the foliated structure is distinctly indicated 
by wavy bands runnirtg across the slide, like rootlets growing in 
the direction of tho linos of foliation. These are occupied by a 
mixture of white mica, often rnicrolithic, tiny scales of brown mica 
(occasionally), an earthy-looking miiK?ral, and chalcedonic quartz. 
Between these bands occur fragments of felspar, an irregular mosaic 
of quartz and felspar, and larger scales of mica. Among the fols])ar 
fragments, whieli nra sometimes a good defil decompoHod, orthoclase 
can, J think, ho recognized, also microclino, and a littlo ]>]agioelaso 
with lamellar t\^ inning. In the most decomposed felsjjar tiny scales 
of wliito rui<‘a have often formed. It is rare to tind a quartz grain so 
mucli as 0*0:2 inch in <liam(‘.t<‘r, hut lentieular aggregates composed 
of irregularly outlined and often ilattened-looking granules, just like 
the structure in a mica-schist, are fre(|ut!nt ; sonu^tirnes tho majority 
of the grannies in one of these aggregates show the same tint. Tlie 
brown mica also often occurs in aggregated flakes, and 1 am inclined 
to refer some associated w'hite mica <mc,]osing Idack flakes to an 
alteration of biotitc. It is to my mind obvious that wo have here 
a ease of the formation of a gneissoid rock from a fairly coarse 
granitoid rock by crushing, followed by a certain amount of mineral 
roarraiigeirKuati — t. c., a case of cleavage-foliation. My impression 
in the field, and it is not contradicied by microscopies examination, 
was that this gnoissic rock had been developed from the granite 
already desc.nbcd. 

About one kilometre further is a large pit in a very different rock, 
tho hallejllnte of Barrois, 'J\vo vnri(di(‘S of it occur here— the one, 
black, eomijact, with sliarp subconchoidul fracture, l)ehavdng under 
tho hammer almost like Hint ; the other slightly schistose and 
streaky, rat h(*r grey in colour, and exhibiting an augen-stmeture '* 
on tt small scale. Ihulcr the hammer the latter is more fissile, and 
does not fly into such sharp-edged chi])s. The banding is about 
vertical, striking between E.N.E. and E. Both rocks weather a 
pal© grey colour, and are much jointed. In the time at my disposal 
I could not find anv distinct line of junction botween the two 
varieties, but in tho pit the grey rock certainly occurs on both sides 
of the black. On microscopical examination the grey rock proves, 
as I bad alr(‘ady sus])ectc(l, to be a rhyolite, in which subsequent 
pressure has produced a slight schistosity. We can still recognize 
the remains of a flow-structure.; the “eyes” are porphyritic crystals 
of felspar; sometimes they are almost crushed, sometimes they have 
been sheared, and the one fragment pushed in advance and slightly 
separated from the other. One crystal, now about ‘lo inch long, 
has had its ends crushed, and the other part split and sheared, so 
that the pieces rest one on tho other like a series of slabs placed on 
the slope. The rock does not appear to have formerly contained 
any large quartz-grains, but two or three flakes of white mica 
resemble an original constituent. The crushing appears to have 
€icted nearly at right angles to the actual flow-structure. It has 
developed, a3 usud, a minute filmy golden-coloured mineral (seri- 
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(site?), arranged in slightly wavy bands* which give the brightest 
colours when placed at about 45^ with the vibration-planes of the 
crossed nicols. There are some specks of iron oxide, and one grain 
may be brown tourmaline. Of the nature of the black rook it is 
difficult to be sure. There is, as is common with hard, compact, 
tiinty rocks, a want of definiteness in its structure. It might 
be a glassy igneous rock, modified by decomposition and olher 
mineral clianges, but then we should have oxpeclod that it too 
would have shown a schistose structure. Tlu) absence of this 
suggests a difference in origin. On careful examination I fancy 1 
detect faint indications of fragments, so tluit I holievo this to have 
been (like so many of (liese halleliiiitas) a lino-gruin(^d tuff. 

Oil onb j»oint I feel certain, namely, tliat these two rocks have no 
relation to Iho gneissic series '*. The alteration in them is not more 
than we often find in the lower Paheozoic rocks of Ilritain. They 
may he nearly parallelled by specimens from Charnwood or from 
Carnarvonslure. They may possildy he rather older than our 
Oainhrian, hut they might he later than this formation. 

Ileyond this pit occurs a lelspathic gneiss with cleavage-foliation 
like tJiat already described. 

To the south of Ouim}K‘rle the coar.so, strong gnoiwss continues for 
some distance, and is followed by thou 

comes a zone, some coiipUi of miles wi(ie,occu])i(d by mica-schisies^^* 
regard(.‘d by J)r. Harrois as generally e(|ui valent to th(i schtstes a 
chioritdiffe of the Tic dc' (Iroix. Little rock is seen by the roadside 
till the coast is aj)])roach('d. I only noti(;ed a very fissile mica-schist 
(about 9,} kilometres from (^uimperh*), which mucli resembles some 
of the Alpine mica-schists, in wdiicli crushing has jiroduced a cleavage- 
foliation, obliterating all earlier structures. The strike of the 
cleavage-foliation is roughly oast to west, and th(^ dip very high to 
the nortli. But on reaching the coast a very interesting series of 
sections is obtained at low tide, just within the embouchure of the 
Pouldu, and along the sea-coast to tho west. 

The low cliffs in the eastern part of this section afford us repeated 
sections of a very definitely handed gneissoid rock, with some araplii- 
bolites and a vein of h^lspathic granite. Tlio first-named rock con- 
sists of bandvS of a rather fine-grained gneiss, composed chiefly of 
quartz and fels])ar, with a small quantity of a silvery mica of a 
yellowish-grey colour, alternating with a rather darker and coarser- 
grained rock ; tho one somewhat resembling a vein granite, the 
other a felspathie gneiss. The bands of tho former rock vary gene- 
rally from I" to 2" thick; those of the latter are sometimes only 
about I" thick, but arc usuallj' more, and generally dominate over 
the other. Both rocks, hut esjiecially tho former, have a slabby 
fracture parallel with the mineral banding ; in the latter, however, 

I speak, of courst\ of this particular hallejlmta. The halkfiinta or peiro- 
slUx of the “ Projoenade " at Quiinper apnearod to me a result of crushing of the 
granitoid rock which forms tho hill, ana a slide which I have had cut from 
a specimen taken by Mr. Hill seems to me to accord best with this view ; at 
any rate it indicates intense crushing. 
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the felspar often occurs in rounded grains up to the size of hemp-seed, 
with a greenish-grey nuca between. Still it is difficult to explain 
the marked mineral banding of the rock, evidenced among other 
things by the solidity of the paler, and the incohercncy of the darker 
bands, — exhibited both in their weathering and their behaviour when 
hammered, th(i latter rock crumbling to jdeces like an arkose, — unless 
we assume that it existed prior to the crushing, and of this I think 
wo obtain, at h^ast at one point, conclusive evidence. As a rule the 
crush-planes and ap])areiit stratiheat ion-planes are parallel, both 
striking rcnighly east to west, willi a di]) of about 45° to the northern 
side ; but at one place we have a section, of which a rough sketch is 
annexed (fig. 1 ). llciio wo have the mineral banding perfectly well 


Fig. 1. — Dlar/rmrimaitc slcetch of Contorted Banded Gneiss at the 
Etndiouclmre of the Pouldu. (About 0 feet high.) 



The lines indiculo Ihe <‘Oin’s<‘8 of tlie more coiispirnouB quarlz-lelppnr bands ; tlie 
intorsjmoos tlu* nun'o micaceous parts, whicb have a rude cleavago parallel 
with the arrow. 


Fig. 1 A, — Small portion of one of the Contortions shown in Fig. 1, 
ahont 8 hiches in datmeter^ showint) the (jnartz-felspar hands 
tvifh occasioiad crarl s ‘parallel with vlcltvae/e. the dotted part being 
the more cleaved niieaceotts hands. 



defined, and forming a series of loops, tho axes of -which are paralle 
with the tisnal direction ot the handing and cleavagc-plnnes, but at 
the top and bottom ot the loops the bands “ wri^Ie ” across the 
direction of cleavage. Throughout the darker bands the cleavage 
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nans roughly parallel with the axes of the loops, but where they 
make with it the largest angle it is least definite, and here trans- 
verse cracks, apparently ^ving relief from strain, traverse the 
lighter bands. 

I have examined slices cut from four varieties of this series, two 
of them representing the above-described varieties taken at the 
“ wriggle,” the third, a slab rather intermediate between the two 
varieties, and the fourth a coarser kind which exhibits very distinct 
banding, zones of mica alternating with felspathic layers, from a 
quarter to half an inch or more wide. 

The principal minerals in the first rock are felspar, quartz, mica, 
iron oxide, and an earthy-looking substance which, for brevity, I 
will call ferrite. The first two are by far the most abundant, and 
the felspar rather exceeds the quartz. The fei8])ar appears to bo 
ortboclase ; at any rate, the lamellar twinning, usually characteristic 
of plagioclase, is absent. The felspar occurs in rather elongated 
grains of irregular outline (PI. XVII. fig. 1) ; many of theso show 
a cleavage roughly perpendicular to the longer axis of the grain. 
The larger grains are much interrupted by inclusions of quartz, 
usually very cleiir. The form of these varies much : sometimes they 
are rounded or oval spots, occasionally one or more of the boundaries 
is rectilinear, and they sometimes tend to be arrangi^d in ill -defined 
streams in the direction of the longer axes of tlie felspar : thus at 
first sight parts of the slide might be taken for a kind of mosaic of 
rather small independent grains of quartz and felspar, but on apply- 
ing tho nicols the uniformity of tint indicates the^ not unfrctiuent 
presence of a single crystal of felspar interru])tcd by the quartz 
grains. There are also some elongated streaks of quartz formed of 
a few long interlocking grains which show strain-shadows. The 
quartz, too, tends to parallelism in tho direction of its grains, and, 
speaking of tho slide as a whole, tho minerals exhibit a rather 
general uniformity of tint, as if this arrangement held throughout 
in the individual constituents. Tho mica, of which there is very 
little, is sometimes brown, Rometimes olive- grey; irregular wavy 
cracks, marked out by ferrite, traverse the slide roughly in tho 
direction already mentioned. Tho minerals in tho second slide are 
tho same, except that there is less quartz and a good deal of an 
olive-grey mica, in flakes often about '03 inch long. There are also 
some smaller flakes of brown mica. As in tho last slide, the felspar 
grains are interrupted by secondary quartz. Cracks, indicated by 
ferrite, traverse the slide, giving parts of it almost the aspect of a 
true fragment al rock. The third slide contains similar minerals, the 
mica occurring in fairly thick and well-defined bands. In tho fourth 
the arrangement is similar, but the quantity of mica in different parts 
of the slide is variable, and in parts there is marked evidence of 
crushing. 

The mica described above is of a palo olive-grey colour, sometimes 
almost colourless, often streaked with darker lines and with plates 
(hmmatite?) between tho cleavage-planes. It is slightly dichroic, 
and, notwithstanding its paleness, 1 am disposed to regard it as an 
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altered biotite which mineral in an unaltered condition may be 
occasionally detected. 

Just within the embouchure a very singular rock occurs, associated 
with the ordinary gneiss, and overlying a band of amphibolite. It 
is very fissile, and appears to consist of liatcened lumps, seemingly 
of white felspar, spotted with quartz, in a grey schistose micaceous 
matrix. The junction with the overlying gneiss is slightly irregular, 
and the b(Kl sooms rather variable in thickness. < )n examination 
with the microscope I find its relations witli the gneiss to be closer 
than 1 had anticipated in the held. The matrix consists of a mica 
similar to that in tli(i gneiss, alternating with thin bands of <|uartz. 
Both have (‘vidontly undergone much disturbance. Some quartz, 
which is minute and chalcedoiiic, is certainly of secondary origin ; 
but the larger grains ap])ear to belong, like the larger mica flakes, 
to an earlier stage in tlie history of the rock, as though it had been 
broken up and recemeiited. The “lumps’’ exhilut the same com- 
pound strucliire as has been already described in tlie felspar of the 
gneiss, but the <|uartz inclusions arc more numerous and the felspar 
is less oharact-eristic.. In one grain those lines of inclusions appear 
to b(3 bout into a s(u*ios of arches, the ])oiuts of which lie in a line 
roughly ]uiriillel with the foliation. Another grain appears to have 
been broken u[) and reoemented. 

These rocks, tlum, atford une<iuivocal indications of mechanical 
disturbance, undergone after they had assumed a crystalline con- 
dition, and followcal by some amount of mineral rearrangement. 
There are als<,» marked indications of mineral rearrangoment on a 
larger scale, and it> is an interesting question how far that is anterior 
or posterior to the crushing. As the ]>ands of mica and, to some ex- 
tent, the inclusions of quartz are ])arallel with the lines of cleavage, it 
might be urged that these also had indirectly result ed from the samt^ 
cause. 31ut to my eye the bulk of the mica lias every appearance of 
being an original constituent. It is sometimes twisted, pushed, and 
tumbled about, or the ends of the Hakes have a “ ])inched-up'’ look; 
the lines of fracture often cut completely through the folsiiar-crys- 
tals with their (piartz-inclusionst, and tlie fragments arc occasion- 
ally separated and disjdaced (]']. XVII. fig. 2). Hence, though 
I should admit that a certain amount of mineral deposition and re- 
crystallization, esjieeially in regard to the quartz, lias occurred since 
the crushing, 1 believe that when this happened the rock was already 
foliated. Indeed, apart from iuierosco})ic examination, I could not 
otherwise explain the discordance of the mineral banding and the 
cleavage already described. We have, then, here another case of a 
cleavage-foliation impressed upon a rock already foliated. What is 
the history of this earlier foliation our present knoivledge does not 

* The “ bleaching ” being due to the concentration of iron oxide in the cleavage- 
planes. Cf. the changes ivhich have lMH*n descriUxl in hyjiersllieue and olivine. 
Hence the mica has boon changed from a inugnesia-potash-iron mica to a 
magnesia-potash mica (porhnjis hidrous). 

t The uniform tint of these inclusions suggests that they are secondaiy and 
what is often called quarts: de vorwsion ; but, as stated, I cannot regard these as 
posterior to the (nrusMng. 
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enable us to aay, I will only remark that it is difficult to explain 
this marked mineral banding without assuming some original differ- 
ences of arrangement in the constituents of the primary rock. 

Those gneissose rocks form the irregular coast-line to the sandy 
bay of Kerselec, but we find an interesting variation before reaching 
a headland occupied by an old fort. Here is a band of mica-schist, 
perhaps 40 feet thick ; it distinctly underlies the banded series 
already described, and overlies a less banded series resembling a 
coarser part of the upper rock, but ratlier greener in colour. A 
similar rock may be seen at the top of the cliffs near a signal-station, 
and by tlie fort just beyond is a darkish green gnoissic rock*. The 
mica-schist has a general resemblance to that at tlie Start Toint 
(S. Devon), and has obviously undergone cleavage-foliation. This, 
however, is i)arallol witli the bedding of the rock t. In the sandy 
bay above mentioned we have more or less baiuhid gneissic rock 
resembling that wliic^h is already described. 

Hands of “ amphiljolitt* ” occur at intervals along the coast. 
These, according to the IVcnch map, nri‘ three in number, and two 
of them are marked as ex binding from the embouchure of the river 
to the sandy bay. Jletwecn these is indicated a hand of sorjum- 
tiiie ; this, however, 1 did not see. The amjdiiholiics a])peared to 
me undoubtedly intrusive rocks ; for though they had a geiuu’al con- 
cordance with the minenil handing of the gneiss, 1 occasionally 
detected them distinctly cutting across it (fig. 2), and 1 further 


Fig. 2 . — At the Emhoitcliure of the Ponldu, 



A. Banded gneiss, the darker 13. AnjphiboliUs crusluid and schistose, 
shades representing the more but far less regularly banded than A. 

micaceous layers. 

believe that the gneiss was already foliated when the intrusion took 
place, but that the mechanical disturbance >vhich has affected the 
gneiss has produced distinct schistosity in tlie amphibolites. 

I liavc examined specimens of two of these ainjdiiholites from the 
western side of the peninsula, one rather coarse, the other compact 

The former of these, and porlia|>s also the latter, i» very likely a continua- 
tion of the beds mentioned cm tlie shore, but 1 had not time to xjrove this. 

t Owing to the fissile character of tlie rcjck it is practically impossible to 
obtain a sufficiently thin section for acjcurate microscopic examination. Parts 
of it are almost o]>aqne from the abundance of a black mineral, which, as in the 
specimens from the fcitart, is probably partly graphite, partly iron oxide ; there 
.is a white mica, and some brown, and a fair amount of a diohroic greenish 
zoineral, rather like the chloritoid of the lie de Oroiz. 
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and very distinctly sohistpse. The principal minerals in the former 
are hornblende, chlorite, epidote, felspar, quartz, sphene(?), and 
probably bcematite. The rock has a somewhat foliated structure, 
the bulk of the first three minerals being associated in rough wavy 
lines, inosculating to form a rude network, and the interspaces being 
occupied by felspar- or quartz-grains, across which are “ trailed 
small insulated crystals of hornblende, epidote, or chlorite. No 
polysynthetic twinning is exhibited by the 8uppos(!d felspar, and it is 
exceedingly difficult to distinguish some of it from quartz. The 
constituents of the mnrci conij>{ict rock appear to he the same, but 
they are tnueli smaller in size, though the hornblende-crystals arc 
BOinotimoB larger than the rest. This mineral is not of so deep a 
green as in the other rock. 1 suspect, though I have*, not been able 
to prove it, that a liglit-coloured variety of augite is also present. 
A rough parallelism of the constituent minerals, without pinch ten- 
dency to banding, is very conspicuous. From the slide alone one 
would have identified the rock as a hornhlcn do-schist without hesi- 
tation. In these specirnons molecular rearrangements appear to 
have entirely ohlitoratcMl the lines of cleavage, which have remained 
so conspicuous in the associated rocks 

Though I twice visited this locality, I was not able to carry my 
examinalion further than the Hay of Kersolcc, and then could only 
examines iho headland forming its eastern boundary from the toj) of 
the cliffs, their has(^ being W'ashed by the vsou. Its western boundary, 
however, acciording to the French map, re])eats the sections which I 
have already described. 

A section on the Felon river to the south-west of ftnimporle is of 
so much interest that, although at some distance from the line 
described above, I will briefly notice it. Tlio new' road, doscendiiig 
to a ferry, ])ass(\H over a coarse gneissoid granite, which is well ex- 
posed on the shorci below. Above the ferry-house is a fine-graiiied 
mica-schist, dark grey in colour, witli a marked foliation, striking 
slightly south of w’ost, nearly vertical, hut perhaps dip|)ing on the 
northoTn side. Just below the ferry -liouso are several small vcin- 
liko iiitrusioMS of fairly coarse granit.e, ami further down the estuary 
we reach the main mass of the granite. The effects of pressure on 
the intrusive granite arc vorv' interesting. The whole has been 
affected by cleavage-foliation. A vein, comparatively thin, and 
lying perpendicular to the j>rossure, has been still further elongated ; 
one transverse to it, or thick in section, has been distorted or zig- 
zagged (tig. 3). The normal mica-schist or micaceous gneiss consists 
of quartz, hiotite, a white mica (in rather smaller scales), and a 
granular mineral, probabl}’ felsjiar rather decomposed, with one or 
two small garnets. It has evidently undergone compression, suhse- 

* Near tlie most northern of the amphibolites a dyke of felspalhic fine- 
grained granite {mi^o-gronuUtey JJarrois) cuts right across the strike of it and 
the banded gneiss. It is much decomposed, contains either two felspars or 
crystals of a felspar in a felspnihie base, no great amount of quartz, and black 
mica, some in well-developed hexagonal plates. I have not examined it with 
the microscope. It shows no signs of being crushed. According to the map 
this dyke occurs at intervals for about a mile along the west bank of the river. 
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qaent to the crystallization of its constituents ; but the indications of 
crushing are not quite so clearly marked as I had anticipated, some 
of the biotitc haring escaped with little change, I should conjecture 
that the rock was originally a rather tine-grained micaceous gneiss, 
fairly homogeneous ifi structure, and that the pressure had been 
obKque to the original foliation. The results of crushing are far 
more marked in the granite. It has evidently been a coarse-grained 
rock, com]>osed of quartz, felspar, and mica. Parts of the slide show 
where the rock has been utterly crushed, and consist of a sort of 
mosaic of quartz, decomposed felspar, and mica. In other parts 
large fragments of the original felspar crystals still remain. Where 


Fig. 3 . — Small intrusion of Coarsii (rmnite in a Mkaccotis Gneks^ 
both showim/ effects of pcesmre. Near the Ferry Ilouse^ Belon 
River. (Size about by feet.) 



at first sight there appear fair-sized grains of quartz, application of 
the nicols shows these to be composite in structure, though often one 
tint predominates in the constituent grains, llocementation, how- 
ever, is complete ; but the borders (that is, we may presume, the 
cementing material) are often differently coloured from the grains 
on either side. The brown mica forms irregular lenticular bands 
lying in the general direction of the cleavage. It is rare to find a 
flake *02 inch long. Commonly the bands arc made up of aggregated 
flakes about *01 inch long or less. Here and there is a fair amount 
of a white mica ; part may be a true secondary product, but some, I 
think, is only an alteration form of the biotite. I feel convinced 
that these streaks of biotite owe their origin to a crushing up, per- 
haps sometimes to a crushing together, of the large flakes which 
existed in the unaltered granite. I may remark that both in the 
mica-schist and in the granite reconsolidation appears rather un- 
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usually complete. A specimen of granite from the hillside, obtained 
from a cutting, and so unweatherM, recalls to mind some of the 
granitoid rocks associated with the oldest Archaeans. I may add 
that, oven in the thin veins, the granite is almost as coarse as in 
the mass, and yet the adjacent mica-schist shows no appreciable 
alteration. 

(ti) Roscoff and MorlaLx District, 

The low cliffs and skerries on the shore on the west side of 
Eoscoff, a (jiiaint little sea-port, some sixteen miles to the north- 
west of Morlaix, exhil>it sections of great interest. The following 
rocks occur: — (1) Banded gneiss; (2) a moderately coarse-grained 
porphyritic granite, ralher dark in colour ; (B) a rather fine-grained 
and lighter-coloured granite ; (4) amphibolite, 

(1) This gneiss is a rather fine-grained rock, consisting (macro- 
scopically) of quartz, felspar, and mica, chiefly black. The banding 
is very distinct, and is l>rouglit out in w^eatbering, one set of layers 
containing more ((uartz and less mica than the other. Thus" the 
former are ])aler in colour, of a yellowish or redflish-grey tint ; they 
yield slowdy and uniformly, and project, in little slabs ; the latter 
aro a dull or browuush grey, they crumble away, and develop a 
fissile^ structure. The annexed sketch may save a longer description 
(fig, 4). The more (juartzose layers are often rather less than 


Fig. 4 , — At Roscoff, (Length about 7 feet.) 



4^ I Quartzo-ltdspulhic’ baiuls, witJi i 
I Homo mica, slightly foliated, j.- i 
A3J ^ JLJ 


More miciuseous Iwnds, vritli much 
mure a]>pettriince of crushing. 


but they aro found up to 2" or B", and occasionally more than 12"; 
the micaceous layers arc thicker, and a micaceous streak not seldom 
occurs in the thicker tjuartzose bands. They appear to pass into 
one another, but the change is rapid. The beds are a good deal 
twisted, but tho general strike appciired to mo between W.S.W. and 
8.W., with a dip of about (U)° mi the southern side. There are, 
especially in tho micaceous layers, indications of a cleavage-foliation 
coinciding vrith the stratification-foliation. One crag, however, 
beautifully illustrates the independence of these structures. Here 
a roll has brought the stratification-foliation to make a low angle 
with the horizon, and the cleavage can be discerned maintaining its 
normal direction and cutting across it (see fig. 5). 

The chief constituents of these rocks are quartz, felspar, and a 
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dark olive-brown mica, with an occasional crystalline grain of tour- 
maline and of a mineral which I have not succeeded in identifying 
The quartz and the felspar grains have the subaiigular or subrotund 
outlines which seem to be characteristic of the older gneisses, and 


Fig. 5. — j4i lioscoff. 



A B. Lines of mineral baiulin/j. 

C -l b Lines of Klifvhl riulo cleji\a|;e. 


the foriru r arc occasionnlly distinctly elongated, with a slight linear 
association, and have some a])pearance of straiji-polarizaiion. Among 
the felspars plagioelnstie twinning is seen, hiit miu»y grains are un- 
twinnod. The mica occurs in wel1-develo}»ed Ihikcs, often about 
•02 ineli long or rather less. Th<‘y have a fair ihiekuoss perpen- 
dicular to the hasal p]an(‘, tlie proportions in the sections being about 
1 to 4. 'rhc\y lie roughly parallel with the mineral banding. The 
crj'stals are well devedopod, and do not gern'rally appear compressed 
or crushed at th(' edges. In the more micticeous layers tln^re is also 
a marked diminution in the quartz, and ])]agioelustie twinning is 
much more common in the felspar. Then* is also more of the 
unid(*iititied mineral. This gneiss a])pears to very little affected 
by the intrusion of the ]»or])hyriti(‘- grariitt‘. A slices cut from a s])e- 
oimeii taken from within 4 or 5 ineh(‘S of a jiniction does not differ 
appreciably from ajqmrontly normal K])eciin(*ns ; atnl even at a junc- 
tion where the granites interpenetrates and appears to be fused into 
the gneiss, the latter in parts of tin* slide ret ains its normal eharactor. 
Yet tlic granite is fairly coarse and j)ori)hyritic to tlic last, so that 
the temperature of the surrounding rock must have been high during 
the solidification of the former. Ilerico 1 conclude that the latter 
had assumed its present mineral condition hefere the intrusion of 
the granite. In the case where a faint cleavage is seen crossing the 
stratification-foliation, both the quartz and the felspar, especially in 
the larger grains, indicate strains. Many parts of the slide have a 
peculiar fragmental aspect, not as if there bad been absolute crush- 
ing, but as though the grains Lad been separated, slightly displaced, 
and recemented ; indeed, I am almost certain that sometimes two or 

* It omirs eiometimeH in roundish grains, biU fwimctirnrs in iinporfect prisms, 
angles about lx*ing occasionally hliown. In texture and fairjt bluisli tint 
it. a little resembles apatite. It seemB to liave two imperfect cleavages, nearly, 
if not quite, at right angles. It encloses rarely brown mica, zircon (?), and 
cavities, and it shows (also rarely) a brow'n decomposition -product. It is miher 
feebly doubly refracting, which adds fx) the difiteulty of determination ; but I 
think it ie not uniaxial. % 
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tliT^ grains haye once formed portions of a larger one. The mic^ 
flakes also appear often as if they had been twisted out of their 
original x>osition, and the bands themselves are sometimes rather 
rumpled. In short, the microscopic structure of the rock recalls 
that which I have observed in other gneisses and schists which have 
been exposed to a pressure not sufficient to develop a marked cleavage- 
foliation. 

(2) The largest mass of the porphyritic granite is near the eastern 
end of the section examined. The same rock, I believe, forms the 
numerous skerries and tors cast and south-east of the. toAvn. This 
granite cuts both the (imidiiholite and the gneiss*', being completely 
welded to, and sometimes including stiips of, the latter. As said above, 
it is coarsely crystalline up to the juncf.ion-suiface ; oue would there- 
fore 8Upj)08C that it cooled slowly. Microscopic examination shows 
it to conHist of (piartz, felspar, brown mica (})artly altered here and 
there info a gre(3ii mineral), and a little apatite and iron oxide. 
Borne of the felspar is orthoclaso, which is, in places, much altered, 
being replaced ])y minute kaolinitic and micaceous minerals : hut 
plagioclase is more common, showing lamellar and “pcricline” 
twinning. The rock has sometimes a slightly foliated aspect, and 
under the microscope shows indications of disturbance, though this 
is less marked than in the gneiss and the ampliibolit(5t. 

(15) The fine-grained graiute occurs in irregular dykes, cutting 
right across the handing of the gneiss, and including fragments of 
the poqffiyritic granite (fig. 0). In oue case, at its junction with 

Fig. 0 . — At lio$coj}\ 


D 



A. Gneise.baiicHngvcrj' distinct; lighter C. luclvided fragment of dark por- 

layera, aometimefl full J inch thick. phyritic granite. 

B. Fine-graint>d granite. D. Quartz-felspar vein. 


* In one ctise it has lifted up and bent into a curve the top bauds of the 
gneiss. 

t One or two grains show corrosion quartz/’ and in oUters the 
twinning occurs in a part of a grain only, near to a slight bend, which seems 
favourable to Professor Judd’s view of this twinning being sometimes due to 
subsequent mechanit^ action. 
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the gneiss, it is bordered by a quartz-felspar vein, sometimes banded 
with tourmaline* The vein ” seems to “ muddle up with the 
granite, but is sharply divided firom the gneiss, into which it sends an 
ofishoot. This granite exhibits no signs of mechanical disturbance. 

(4) The amphibolite is a dark hornblendic rock, sometimes con- 
taining black mica. In some places it seems to be in terst ratified 
with the gneissic rook, but as the thickness is variable, and it occa- 
sionally cuts obliquely across the bands of thcj other, I consider it 
intrusive, though it not seldom follows planes of an earlier foliation, 
A more or less foliated structure, which is parallel with that domi- 
nant in the gneiss, is visible in the different masses ; there is no 
indication of a contact-motamorjdiism in the latter, and I fully 
believe that the gneiss was a foliated rock wlnai the “ am]>hibolitq ** 
was intruded, but that both were afterwards subjected to considerable 
pressure. A s])ecimen of the amphibolite, which inacroscopically 
closely resembles the darker more hoiuogencous varieties of the 
hornblende-schist at tlio Lizard, huvS for its dominant mineral a dark- 
green hornblende, exhibiting strong dichroisni. J^ho cleavages 
parallel to oc p are well developed, and crystal facjcs a; p and 
oopVx> arc not rare. I'be grains commonly measure *02", or a 
little less, in the direction of the vortical axis, and rather less than 
•01" in tli(3 direction of the clino-dingonal. A colourless mineral, 
sometimes slightly “powdered" with ferrite, which has consolidated 
after the hornblende, comes next. It is difficult to be sure whether 
this is quartz or felspar, but the latter mineral is present. A little 
biotite, a few grains of iron oxide, a dirty-looking mineral which I 
think probably an impure e])idote, and some small crystalline grains 
which 1 take to be. spiicnc also occur ; thus the resemblance of this 
rock to some of the Lizard horiiblcudc-sehiHts is very striking. 

Gneiss and granite, as above described, are traversed by the rail- 
way some little distance to the south of Ilo8Cofi‘, and arc then 
succeeded by slaty rock. Morlaix affords excellent opportunities 
for studying the otfects of pressure and of igneous intrusion on 
ordinary sedimentar}^ rock*. The deep and craggy valley in which 
this quaint old town nestles by the riverside, the quarries, the road- 
side cuttings, and even the blocks in tlie rough-built walls which 
prop up the terraced gardens, afford endless studies of the results of 
pressure. The dominant rock formerly consisted of a dark clay 
closely interbandod with grey silt or fine earthy sand. As a rule tbo 
bands of the latter do not now exceed 1 ", and arc often thinner. The 
former arc often over 1", and sometimes tlie argillaceous rock is free 
from the sandy bfinds. The planes of cleavage and of stratification 
are very commonly coincident, but the bands indicative of the latter 
constantly zigzag and wriggle across the former. The sandy bands 
only exhibit a faint cleavage ; hundreds of examples illustrate how 
they thicken in one part of a crumple and attenuate in another 
under the alternating action of thrusts and strains. Cleavage is 
highly developed in the dark bands ; its surface-planes are often 

* pp. 1> Hir (Bull. Soc. 6^1. Fr, 2® b4p. t nriii. p. 87) considers the rock 
about Korlaii to be of Pevonian age. 

aj.G.a No.171. « 
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and frequently rumpled or wavy. A minute filmy mica 
(aeridte?) has been developed, with rutile &c. ; but every change is 
micxomineralogical, not greater than may be seen in the Palaeozoic 
rocks of Wales or of 8. W. England, in the Jurassic or Carboniferous 
slates of the Alps, or in the Cambrian of the Ardennes. The rock, 
at most, can be called a phyllite ; it is perfectly distinct from one of 
the true crystalline schists already described. Still it is both inter- 
esting and instructive to observe how close are the superficial struc- 
tural resemblances of these banded slaty rocks and some of the 
banded crystalline schists. Hocks might be found at Morlaix which 
in a j>hotograj)h (but only in a photograi)h) would be undistinguish- 
ablo from some of the banded and, presum abl}^ less anoient schists 
of the Alps or other similar regions. In one (juarry on the Huel- 
goat road (near the town) I obtained an excellent example of a 
second cleavage, formed by a crumpling of the ordinary cleavage- 
layers, which hero very probably agree with the stratification— a 
true ^'^AusweicJiu ngsclivage.''^ 

The effects of contact metamorphism are also beautifully exhibited 
in many places. Sometimes, however, it is surprisingly slight. A 
dyke of folsito north of the town* barely indurates and does not 
bleach the dark slaty rock adherent to it ; in another place, cast of 
the town, we find a vein of moderately coarse granite converting a 
dull grey slate into a greenish-coloured “porcellanitc.^’ About 
Chapel du Mur, cliiastoUte and a minute black mica arc developed ; 
and in one place 1 foTind, in a black “ phyllite/’ crj’stals of chiastolito 
full *2" wide and an inch or more longf. The lluelgoat road also 
affords some excellent illustrations of conhict-mctaraorphism, which 
I have oxaniin(?d with the micro8co])e. They lead, however, into 
more than one interesting, but rather wide-reaching question, so 
that 1 think it better on the present occasion to content my s(?lf with 
this brief notice, and to recur to them in a futun^ communication. 
Suffice it to say that the minerjil changes in the most highly altered 
among them resemble those which have been described in the 
Skiddaw slates near the granite of Sineii (Jill, and that these results 
of coiitact-nietamorphisra difier greatly from the gneisses and schists 
commonly considered of Archajan age, and such as are described in 
this paper, though possibly they may furnish us with some valuable 
suggestions as to the genesis of the latter. 

Conchisiotu 

My work in Brittany, of which I have now described the more 
complete portions, le*uis me to the following conclusions : — 

(1) That the great central folded trough of I^ower Palseozoic 

The dyke is about 4 feet thick. In the field, I took it for a micrograuulite, 
but the i>art in oonta<!t with the slato apjwjars, under the microscope, to have 
been, if not glassy, not more than ciy'ntoerystalline. The junction and some 
included fragnmnta of the slivlo prove that to have been cleaved and to have 
become a “ phyllite ” prior to the intniaion. 

t 1 failed to find good setrtions. and cliiefly evamined loose blocks, so cannot 
say how near these w©r<» to intntsive rock, * These rooks had a general resem- 
Mcmee to the altered rooks of Skiddaw. 
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rocks is bounded on the north and south, and is ptnbaldy underlain 
contmuously, by gneisses and schists. 

(2) Both the Palseosoio and the older series have been pierced by 
various igneous rocks, of more than one geological age, some being 
even later than the last great earth-movements. 

(3) The intrusive igneous rocks have in some cases greatly altered 
the Palaeozoic rocks, but appear to have produced little efTect upon 
the gneisses and schists. 

(4) The action of contaet-metamorphism on the Palceozoic sedi- 
ments docs not produce rocks which resemble the presumably Archosan 
gneisses and schists. 

(5) The action of prossuro-metamorphism on Pala>ozoic sediments 
has in no case x>roduced a rock which is liable to be confounded with 
the gneisses and schists of Archa}an typo^. 

(()) Although in cei*tain cases igneous rocks have been, in conse- 
quence of these mechanical actions, converted into gneisses or schists, 
yet many of the gneisses and schists evidently were true foliated 
rocks anterior to the above earth-movements, and the latter rocks 
exhibit structures very analogous to those of stratification. At any 
rate, even if they be only igneous rocks modified, this modification 
was most probably anterior to the commencement of the Palaeozoic 
ager 

Further, the close mimicry of stratification indicutod by repeated 
mineral banding in the gneissic series, not in rare and solitary spots, 
but over considerable areas and in widely separated districts, makes 
it difiicult to understand how this can be exjdaiiiod by any rolling- 
out of a complication of veins of igneous rocks I’athcr diverse in 
composition. The absence, from the best-preserved among these, of 
structures which are known to be characteristic of igneous rocks, or 
are indicative of crushing, and the presence of structures definite in 
kind, whatever be tlieir significance, suggests that either the meta- 
morphism from which the present condition of the rock resulted 
must be carried back to a very remote past, presumably before Palse- 
ozoic times began, or there must be some unknown peculiarity in the 
genetic history of the rocks themselves, 

(7) Hence, making every allowance for the various effects of the 
above disturbances, tlierc is to be found in Brittany, as maintained 
by Dr. Barrois and other French geologists, a great fundamental 
mass of true Archaean rock, that is, of rock which, whatever be its 
genetic history, had become what we should call gneiss and schist 
before the earliest Cambrian rocks were deposited f. 

* It ie true T did not sc'C t,ho lowest group in the Brittany Cambrians, the 
Schisfea de St. Lo, but Mr. Hill’s dcserintion of the section of the Lower Cam- 
brians at Orozon (on the sea-coast, south side of the inlet near Hrest) was so 
clear that I deemed it needless to spend a day in visiting it. The rock at Brest 
is a rather micaceous gneiss, of very ancient aspect. 

t Note, June fi, 1887. — After this paper had been read, I received a copy of 
a note on the French excursion to Brittany Professor de Lapparent fK^v, 
Scient. 1887, p. 38). He concludes nis description with this distinct expres- 
sion of opinion : — “ La Bretagne d4montre-t-eIie, d’une maniere indiscutable, 
Texistence d’un terrain nonual de gneiss et des schistes cristalHns, ant^neur 4 
la s6rie s^dimentaire. Ce terrain est remarquable par la persistants de sa com* 
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Tm 0tli^ pointa of yet wider interest daim our spedel atteatSon. 
One ia tee mnavkaUe liteologioal dmilarity between many ^ of 
tete above^descnbed rocks and those which in other areas are, with 
more or less certainty, identified as Archjcan. The banded gndss of 
tee Potildu and of Eoscoff, especially the latter, constantly remind^ me 
of the more typical members of the “ granulitic series at the lisard. 
Both also, but especially the former (where the results of pressure 
are more marked), sometimes recalled some members of the ** newer 
gneiss** of the Highlands, especially those which occur some distance 
away from the northern outcrop. Both, again, often reminded mo of 
some of the finer-grained rocks among the indubitable Hebrideans 
of Goirloch and the Laurontians of Canada. In some parts of Brit- 
tany (as at Qtiim peril*) 1 was also reminded of the coarser gneisses 
in the last-named country, of the coarser Hebrideans of Scotland, 
and of rocks which, in the Alps and elsewhere in Europe, are believed 
to be their representatives. Sometimes, moreover, I observed mica- 
schists, which might bo matched in the Alps, in Scotland, and other 
European localities. T)r. Barrois and other French geologists con- 
sider these Breton rocks to bo Arcfiman, and I cannot doubt that 
they are right. It may be wiser to abstain at present from specu- 
lation as to the significance of these coincidenc(‘s, but at any rate 
they arc facts which must have some moaning, and which it would 
be unphilosopliical to ignore. 

The other point is the close geological resi^mblance between 
Brittany and the south-^vest of England. In each district we have a, 
mass of Polceo/oic sediments, up to tho Carboniferous, resting on a 
floor ot Archtran rocks. Each dist i icf has been affected l>} great earth- 
movements, of which the most clenTly marked in either, at the 
present time, seems to have closed the Carboniferous epoch of sedi- 
mentation, Each, omitting minor flexures, forms a broad synclinal ; 
between these was an anticlinal, now occui>ied h} thf* sea, from 
which only a few fraamenls of the basal rock-masses project. To 
the north of the English districts is another anticlinal, occupied by 
tho Bristol Channel, followed by the synclinal ot the South-Wales 
Coalfields. Hence, towards the end of the Palceozoic period, a great 
Highland mass must have existed in this Franco-British region, 
which, even if we leave out of consideration the South-Wales area, 
was not loss thaw JlOO miles wide acioss the general strike of tho folds. 
To its altitude we have no clue, but its breadth must have exceeded 
that of tho Alps^, and probably it extended westward beyond the 
south-wesEtom angle of Ireland, while traces of it can be followed 


p^ition, en qttelqu© lieu du globe qu’on robeerve. Oe n’est que par une exten- 
sion tout a fwt aburive de ria<k> du tu^taraorphisme qu^on a pu penser paxfois 
k supprimer les sohistes eristallins d© la s^ri© cbronologiqu©, pour n*y roir 
qu*uue modification capable d'aff©cter des s^imeuts d'^e qaelconque. Pour 
tout esprit non prdvenu, lee fait observes en Bretagne nous sexnblent de nature 
i donner lo coup de grfioe 4 oette mani4re de voir.** 

Ihe breadth of the folds, and tee not unfrequent absence from conriderable 
parts of the district of a marked cleavage-folmon at a high ang^ suggests 
teat tea vertical hlavatiOKi pf the chain may have haen less, odmpaiutii^y ansak^ 
tea Alim 
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CMMitwinds to beyond the Bbine^ more titian $5^ of kmgitade, Tnt tbe 
«ea now dowe where some of its highest summits may haTe risen ; its 
only reocnd is preserved in the low plateaux and comparatively humble 
hUk of Cornwall and Devon, of the Channel Islands, and of Brittany. 
liUlions of oubio yards of rock must have been removed by denuda* 
rion, which must have helped to form the conglomerates, sandstones, 
and clays of the Secondary and Tertiary deposits of Southern England 
and North-western France. like the Alps, this great mountain 
massif consisted of a foundation of presumably Archseau crystalline 
rocks, which, after undergoing extensive denudation during a long 
interval of time, was alfeotod by a downward bending of the earth's 
crust, and received groat accumulations of sediment, obtained, no 
doubt, by the destruction of more remote portions of the ancient laud- 
surfaces*, and then the whole, by now earth- movements, )>robably 
in new directions, was again uphoaved ; the finidam(*ntal ciystalline 
rocks, both igneous and “ motamorphic," wore folded and, in 
places, crushed so as to assnine a cleavage-foliation, while the softer 
and newer sedimentaries wore more markedly ]>lic<ited, wore often 
cloavod, and in some places underwent other modifications from 
intense pressure. But in the Alps, although there apfiears to have 
been a procarboniferous movement of some importance, tbo groat 
downward bending did not commence till at least some time after 
tbe mountain-making process had ceased in the other region. The 
one great goo-synclinal is of Palceozoic, the other is of Mosozoio age. 
The one mountain-mass belongs to the close of the Palmozoic, the 
other hardly began before the eommoncement of ih(» Oainozoic, and 
was in process of making during the earlier half of that period. As 
yet, sufficient materials hardly exist for the classification and corre- 
lation of the greater earth-movements which have modified the 
physical structure of the European region, hut they are gradually 
accumidating, and cannot fail some day to lead to most important 
results. 


EXPLANATION OP PLATE XVII. 

Figw 1. Section cut from one of tho more quarteo-felspathio layers in the con- 
torted banded gneiss at tbo oatuary of Le Pouldu. ( X 27.) 

The ijgure shows one of the elongated irregular grains of felspar con- 
taining inclusions of quartz (left white), and with indiontions of 
cleavage- planes roughly at right angles to tho longer axis of the 
grain. This lies in a grouad-mass of granules of quartz and felspar 
(chiefly), the latter sometimes occurring in elongated streaks. (See 
p. 3(A>.) 

2. Section out from one of the more micaceous lasers in the abtive-named 
rock. (X 27.) 

The figure shows the elongated fel8i)ar grains (as ni fig. 1 ) hrolum and 
displaced I’he rock contains crystals of mica of fair size and 
apparently original constituents, in the direction of which tlmcraoki 
traversing the slide often run. 

(For tho Discussiok on this paper see p. 3*35,) 


* On tbissuld^ there is a suggestive paper by Dr. Barrois in Ann. fioc. 

Hofd, t, xi. p. ^8. The oentnOarea (that now occupied by the western pert 
«f die En|^ eppeers to have remained loogeet above water. 
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24. The £ook8 of Sauk, Hbbm, an<i Jbthott. By the Eev. E. Bbix, 
M.A., F.G.8., Fellow and Tutor of 8t. John’s College, Cam- 
bridge. (Bead March 23, 1887.) 

Co«TEKT8. 

1, Introduction. 

2. The irornbhmde-scbiflts. 

it. The Crcux-llarbour Gneiss. 

4. The overlying Omni tic Bock. 

r>. Veins an(i Dykes. 

6. llerin and Jetbou. 

7. General ConclusionH. 

1. Introduction. — Hark, more fortunate than Guernsey, has the 
advantage of a good sketch map, which was published by Professor 
Liveing in vol. iv. of the ‘ Proceedings of the Cambridge Philoso- 
phical Society.’ The account of the geology which accompanies 
that map notices the principal feature, one singular and possibly 
unique, namely a series of conspicuously banded hornblendic schists 
between an u])pcr and an under gneissose series ; that is to say, 
there seems to bo a series which is presumably stratified in the 
midst of apparent gneiss. Thinking that such a succession might 
throw light on some problems of “ metamorpliism,” 1 undertook a 
careful examination of the island ; and the widespread interest now 
taken in * Arcluean ’ rocks emboldens me to give a brief account of 
my results. 1 owe a debt of gratitude to Professor Bouncy for fre- 
quent and invaluable ludp. 

The appended ina]> (fig. 1 ) shows a diamond-shaped area about two 
miles long by one and a half broad, united at its sout hern end by a 
narrow isthmus to another about one mile long. This neck, called 
the Couptk% 200 feet above high-wator mark and about 8 feet wide 
at the summit, is one of the island sights. The weather is rapidly 
cutting it down, and but for the roadway built up along its knife- 
edge the two areas would by this time be practically separate. Even 
bej’tyoen two of my visits a landslip had seriously increased the 
degradation. Previous writers have pointed out that the same 
action in a less advanced stage is proceeding at the northern ex- 
tremity (by the cleft leading to the Boutiques Caves) ; while on the 
west the separation of Brecqhou is complete, and on the east rocks 
called tho Burons are relics of the final stage. But, in truth, the 
like has been happening all round on every side ; islets, rocks, and 
shoals in almost every direction are witnesses of the progress of 
destruction. Tho rock, though hard, is traversed by numerous 
fissures (usually faults of small throw), and to these are principally 
due, as well this destruction as also the abounding pillars, arehas, 
and caverns which give to the scenery of Sark such singular 
charms. Guernsey boasts but a single cave of importance, while 
Sark has several of the first order, and not a bay there is without 
two or three of at least some interest and beauty. 
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j*jg^ 1 , — Geological Sketch Map of Sark and Ndghhouring Islets, 
(Scale 1 inch to 1 mile.) 



The interior of tho island is a tableland, of wliich the highest |>oint, 375 feet 
above the sea, is at the Mill. The cliffs rise in general to about 2<X) feet, 
but on the nortli and south, and also on tlui west of lircjcqhou, there are 
slopes down to tho sea. The ba.so of tho cliffs is seldom accessible, and 
except in a few of the bays no beach of any kind exists. 
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2, The ffomhlende-schists, — ^The Hornblende-schists, which ^erm 
the greatest part of the island, may be studied in any of the aoces- 
Bible bays, but most conveniently at Port dii Moulin, on the north- 
west coast, whore they are also most typically displayed. Here 
cliffs al)out 150 feet in height, with an aperture pierced near their 
summit and a (juarry at a soraewliat higher level, give full oppor- 
tunities of examination. Tlio rock is beautifully banded in alter- 
nate dark and pale layers, which are often so tine and thin that an 
inch will contain four or five. The pale stri])es are the narrower, 
and consist of felH])at}iic material, with some oeeusional quartz. The 
darker bauds consist, to tlic extent of two Ihinls at least and somc- 
timoH almost entirely, f>l' hornldeiide in tine irregular grains, perhaps 
about *02 imdi in longer diameter. At the base of the cliff the 
hornldendit! bands thickeri up to a. foot or so, and have less admix- 
ture of f)t)i(*r constituents. Their grains are coarser, reaching 
^ inch : and a parallelism in tlieir lie gives a silky lustre on surfaces 
when split . In some of the low<‘st beds occur patches of aggregated 
lustrous black hornblende, in piooes ^ inch long: ns those are siir- 
rrmnded by a whitisli border they are ])robnbly segregations. The 
general j>urtill(‘li8m of the layers is not (werywliere complete ; some 
lamimn are of varying breadth, others even lenticular ; hen* and there 
a layer inclines down towards, and unites with, that below; thus 
there are indications of curnuit-bedding, and tlu'sc* are confirmed by 
a S(*ction in the cliff at the northern corner of the bay, so clear and 
largo as to leave no room for doubt (tig. 2). 


Fig. 2. — Jlnehf nhowii In /foimhfewle^srhlsts at the 
north-east conirr of Port <(n Movlln^ Kark. (ITcagbt about 
12 feet.) 



The bods hero, at J’ort du Moulin, lie almost horizontal; the 
very gentle dip they have is westerly. 

Tho hods of nearly j)ure liornblende just described lie in perfect 
conformity and continuity u]M)n a thick bed of somewhat different 
appearance. This is composed, to nearly half its amount, of felspar 
in grains of about j inch across, hornblende being only the second 
constituent in amount ; black mica also occurs plentifully in rattier 
minute flakes. At Port du Moulin a thickness of about 10 or 15 feet 
of this bed is exjwsed at low tide, but in a bay | mile further 
south there is as much as 30 or 40 feet ; no lower rock can be seen at 
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eiliier place, and in each direction the dip earned it gradually 
out of sight. 

Tho description above given of the series serves with sufident 
correctness for the whole of the western coast, from liOs Autelots 
to La Coupee, and for the beds on the island of Brecqhou. Tho 
cJiifs of this iron-bound coast are vt^ry difficult of descent; they 
give a continuous section, but rarely grant a view of it ; however, 
the outcrops along their upper edge show no more difibrenoes than 
weathering would naturally cause. In tho Havre Gosselin (where 
landings are effected by an iron ladder up a rock, followed by a cliff 
scaled with the aid of ropes) the handing is not conspicuous, but 
will he seen on examination. At Poit es Stiies (where also a rope 
assists) tho beds are banded just as at Port du Moulin, save that 
the bands are somewhat thicker. The dip, which wuis W. at Port 
du ^loiilin and almost nothing, is W.S.^V^ about 20*^ at Havre 
Gosselin and Port os Saies, and veers still more towards the south 
as the C;OU])ec is approached. Just beyond this the hods dip at an 
angle of 30 due south, and pass below a higher formation, tube here- 
after descrihed. Is'orth of Port du Moulin tho dip-directions have 
some north in them, and tho disappearance takes ])laec in the same 
manner beyond Les Autidets, but in a chd't which appears inacces- 
sible, so thnt the succession cantiot so well be observed. 

The .series as seen on tho eovst coast is (essentially the same aw on 
the west. There are the same alternate bands of hornblendic and 
felsitic materials, only the texture is somewdiat more sandy, and 
tlie bands not nearly so minute ; the stripes ruiigo up to an inch or 
two of pale and a foot or so of dark. <)ne 8])ecimon 1 have (from 
Dixeart Bay) is very coarsel)' crystalline, and sonu^wliat rtuninds 
me of some of the coarsest felspatliic grits of Charnwood. The beds 
are best seen in Dixeart Bay, and in the less accessible Bay Dorriblo 
(or Terrible), w Iktc a natural shaft (the Creux Horrible) gives a clear 
vertical section of more than 100 feet. One or two more quartzoso 
beds, 2 or 3 feet thick, not unlike some of the Lizard granitoid beds, 
occur in the bay south of the Eperquerics, and must therefore belong 
to the summit of the system. At tho Lizard there are successively 
in descending order a series including granitoid beds, a homblondic 
series, and a micaceous scries. In 8ark we find a hornblendic 
series, with a few more quartzose beds near its summit, and low 
down (at Port du Moulin) a thick mass containing a good deal of 
mica. The similarity is curious, but can scarcely bo more than a 
coincidence. 

Round the Bay Berriblo the dip is N.N.W., but in general along 
tho east coast the beds incline westward in directions that radiate 
from the Creux harbour, the easternmost point of the island. As 
the highest point of Bark is 375 feet above tho sea, these beds hawe 
a thickness of at least 400 feet ; allowing for the dips, 000 scorns 
probable, and there is a possibility of very much more. 

The question of course suggests itself, What is the origin of these 
beds ? I do not see how this uniform alternation of varying ma- 
terials, with parallelism nearly perfect, yet occasionally interrupted, 
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and 'with varying thicknesses, so nearly horizontal over so great an 
area, with snch a freedom from disturbance, can possibly be due to 
anything except successive deposition, which, however, need not 
necessarily have been subaqueous. The series bears an extremely 
close resemblance to the hornblende- schists of the Lizard. I have 
not, however, detected any of the “ eyes of felspathic material de- 
scribed by Professor Ponney, nor such minute and perfect current- 
bedding as is figured in his paper (Q. J. G. S. vol. xxxix. pp. 1-24). 
He mentions there the suggestion that the schists may be altered 
tuffs. Now if the question he asked, Can you show a source for the 
material ? no answer can be given at the Lizard, but in Sark it is 
possible to make a suggestion. The singular mass of intrusive rock 
described in my paper on Guernsey as hornblcnde-gabbro is distant 
from Sark only six or seven miles, and consists of materials closely 
akin to these. 8omc of my specimens from Guernsey are scarcely 
distinguishable from some specimens of the very black layers from 
the beach at Port du Moulin, and the segregation-patches mentioned 
above have much in common with the “ sun-burned patches of the 
‘ Birdseye.’ I have not succeeded in finding any evidence of in- 
dudod fragments or agglomeratic structure ; however, a distance of 
six miles is enough to account for the absence of all but rather fine 
materials. 

No cleavage exists, another point of resemblance to the Lizard. 
About halfway down the valley which leads to the Creux Harbour 
the usual N.W. dips arc- replaced for a few yards by a very steep dip 
to the N.E. ; thus there seems to be a roll. At the south side of the 
Point Terrible the bods are crumpled just over a cave. On the south 
side of the island of Brecqhou the beds show some contortions 
about two or throe hundred yards before they dip under the superior 
rocks. The last two instances are only visible from a boat. All 
those indicate a nip between t st and west forces ; this agrees with 
the structure of the Guernsey gneiss and the appearances in the rock 
of Jethou. There are also some contortions which have different 
directions in the bay | mile south of Port du Moulin and at the 
vanishing point on the north-west coast. These may be owing to 
either faults or intrusions, both of which are at hand in both places. 

3, The CrevLUn Harhotir Gmiss , — The directions of dip throughout 
the hornblende-schist series, with exception of the brief roll just men- 
tioned, are all more or less westerly, and, taken as a whole, radiate 
from the easternmost point of the island. Accordingly on the 
eastern side we should seek for the base of the series We find 
it. Let the visitor just landed on the pier detach his eyes from the 
singularity of the scene, and scrutinize the southern side of the eliff- 
waU which encircles the spot. He will see about halfway up the 
face a group of horizontal stripes, which subsequent examination 
shows to be part of the hornblendic series. But the rock beneath 
these is of entirely different aspect, homogeneous and massive. 

Examined in hand-sj^ecimens this lower rock is highly crystalline, of 
moderate coarseness. It consists of pink and fiesh-coloured felspar in 
* Prof, liivein^ places the lowest beds at Port du Moulin. 
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grains of O'l or 0*2 inch in diameter, which often aggregate together, 
glassy quartz of like size, and black or dark green hornblende. The 
microscope adds to these sphene and apatite. In colour and degree 
of coarseness it is not unlike some Leicestershire syenites from the 
Enderby and Sapcote group. Thus it might be called a granite, 
but for its very decided structure, which is visible even in hand- 
specimens as a parallelism of the grains and a tendency in the 
felspar to aggregat e along parallel surfaces. In the lower part of 
the cliff this is especially conspicuous ; for the structure weathers 
out into well-marked linos which indicate a dip of 30° in a !N.W. 
direction. We may thus designate our subject of investigation a 
sycnitic gneiss with a rather rude foliation. The rock passes out to 
sea, and appears to constitute the Burons, the Grand Moie, and 
possibly other isolated rocks. Southwards from the harbour it 
furnishes the face of the diffs up to within a few feet from their 
crest all the way to Point Terrible, -wliero it ceases abruptly. 
Northward it forms the base of the cliffs for a short distance, but 
sinks entirely out of sight some distance before Point Robert. Thus 
practically it can be examined only at the harbour ; in a walk along 
the cliffs the foot treads nothing but schists ; and as the appearances 
of dip differ little, I do not wonder that many visits had been paid 
to the island by others and by myself before the discovery was 
made that here is a n^w and different series. 


Fig. 3. — Hornhle'nde-scliists overlijhuf (hieiss^ seen across a cleft 
in tlie Oliff north of Point Terrible^ 



The relations between this gneiss and the overlying schists arc not 
^together easy to establish. The junctions, though fully exposed, 
are all nearly or quitq inaccessible. By passing along the cliff edge and 
venturing down some rather steep grass slopes a very near view can 
be obtained across clefts (fig. 3), and the harbour cliffs give an ex- 
cellent section (fig. 4). The dip of the gneiss is exactly N.W., while 
that of the schists, so far as it can be estimated, is rather more nearly 
W, The passage from the one to tho other is everywhere abrupt 
and definite to the eye. Tho highly quartzose gneiss must have had 
a very different origin from the quartzless hornblendic rocks. The 
nature and thickness of the immediately overlying beds seem to vary 
at different spots ; and those in actual contact with the inferior 
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toch. are often lenticular or lie irregularly upon it. The helglit 
of the junction above the sea varies greatly, but this plainly is for 
the most part duo to faults. On the whole almost all the appear- 
ances point to an uncoiiformablo overlie, none arc inconsistent with 


Fig, 4. — Hornhlende-schisis overlying Gneiss^ Creux H arbour ^ Sark, 



it, and 1 am convinced that this is the true account. The only 
appearance in favour of conformity is the rough general agreement 
in the dips of the two scries. But I would suggest that the hedded 
structure in the gneiss may not be original, but one which has 
been develojiod by jm^ssuro, the pi^essure being in this case probably 
the weight of a superincumbent mass. 

4. The Overlying Granitic RoeJe . — It has been mentioned that at 
both extremities of Sark the hornblende-schist series disappears 
below other rocks ; the same also takes place in the island of 
Breoqhouon the w'ost. These snx)erior rocks are coarsely crystalline, 
containing hornblende and white felspar in grains 0*1 or 0*2 inch 
long, quartz often but not always, and black mica occasionally, 
especially, 1 think, w’hore decomposition is in progress. The felspar 
shows plagioclase strij^ing, sometimes even to the unaided eye. 
Much of the quartz is clearly secondary, occurring along strings and 
cracks, but much is in ordinarily distributed grains. The texture 
is very highly crystalline, as much so as that of any ordinary syenite 
or diorite. The structure and jointing are massive and irregular ; 
there is no general apjwaranco of bedding, nor any uniformity of divi- 
sional pianos. Especially at the south end of Little Sark dark nodes 
occur, sometimes lenticular or oval, sometimes almost spherical, which 
consist of hornblende wdth some felspar in grains much smaller than 
those of the main mass. These appearances are all characteristics of 
an igneous origin. Nevertheless these rocks have been described as 
metamorphio gneiss, and, as will be seen, not without a good deal of 
justification, for the rock generally possesses a mde cleavage or ten- 
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deacy to foliation. These structures sometimes appear vortical witii 
N. -8. strike, but at Port Goury on Little Sark there is a platy structure 
which dips at about 30° to the south, just as bedding ought to do, 
and at the extreme north end, close to La Grune, a similar structure 
slopes gently to N.E., also a natural direction for bedding in that 
place. Again, wherever lenticular nodes occur their longer axes 
agree in direction with these structures, and though the rock is 
usually very homogeneous, yet occasionally long stripes show, and 
these too lie in the positions which strata might be expected to 
occupy. Some of these streaks are well developed at the extreme 
north end, on the slope leading down to the sea-neck. They are 
finer-grained than the mass of the rock ; some are pink, some dark, 
some show a banded surface. They rnaj’ roach several feet in length, 
with depth not exceeding an inch or two. 1 could ii<»t bring away 
a good specimen ; but a specimen taken from near Les Boutiques 
shows a marked streaky structure'. This last is such as might 
result from crush, but 1 hardly think the pink seams above described 
could be due to that cause. They arc so long and thin that one can 
hardly bediovo them to he cauglit-iip fragments Therc^ is a 1 argo dyke 
near, of wliich some might be offshoots ; but no connexion is visible. 

I think, however, that this is the origin of some, jjud it is quite 
possible that all these suggested causes may have had shares in the 
appearances, and luwe produced, some one, soino another. But on 
the hyp(^t]iesi8 that those eiy'stalline rocks are inctamorjdiosed sedi- 
ments, then those seams should be the last remnant s of t he Btrjitified 
structure, and they arc certainly explained more easily thus than on 
the igneous theory. 

Each hypothesis, then, presents considerable diflicultios. In ho|>e 
of deciding the doubt, I endeavoured to examine can^fully cv#ry 
visible juiiciion witli tlic underlying Ijeds. There are six cliff- 
sections, four in Sark, two in ltre(iqhou, muie of them oaKily 
accessible. The least difficult is that on the west side of little 
Sark t. Hero, except at high tide, th(^ meeting of the two rocks 
can he well seen in tlie base of the cliff I'he beds, highly horn- 
blendic, dip S. at about 4(f : the upper rock has but little appear- 
unce of structure ; bclwecai the two is a zone of intermixture abai,t 
10 feet wide, within which tongues and lenticular portions of 
crj^stalline rock arc intermingled with the schist ; but the general 
direction of the surface of juaetion agrees with that of the bedding- 
planes. A diorite-dyke close to the junction confuses some of the 
indications. The evidence on the whole is in favour of the upper 
rock being igneous, but I did not consider it conclusive. 

. The two northern junctions apj)ear to he faulted. That on the 
west cliffs is beyond the north corner of the bay, near JiCS Autelets, 
and appears to he in a cleft which a climber cannot reach. There are 
some fallen blocks close to this cloft which seem certainly to contain 

* Yet at Kerscou, 15 . of Morlaix, I was shown in 1886 a ribbon of Bcbist 
30 feet long and only 1 J wide, tom off and imbedded in granite. 

t A landslip baa carried away the old path to the be^h at the Coup^ ; a 
deecent can be effected by a gnaef oouloir jnst beyond the neck. 
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s rook intruded into schists, but tho intruder cannot be clearly 
identided with the overlier. Bo far as a boundary can be traced on 
the steeps above, this is sinuous and irregular. It is lost on the 
grassy summit of tho island, but reappears on the eastern side, and 
the junction may be seen at low tide without much difficulty a little 
south of the Eperqueries. At the comer of the bay is a natural arch, 
and here on the side of the passage the line of meeting can he traced 
in an excellent Hcction. On close scrutiny crj'stalline rock seems 
to have broken up and run into schist. But at this place also, as if 
to baffie inquiry, a dyke and a fault come together, and I doubt if a 
sceptic could be sliown enough for his conviction. 

Conclusive evidence is, however, afforded by the south-east junc- 
tion (fig. 5 ). This occurs in Little Bark, on tho south face of the 
“ High Cliff ” opposite tlio isolated rock called Baloine*. The schists 

Fig. 5 . — Rough sheicli of Granite overlying ITornhlende-schists at 
aouth-east junction on Little ^arlc. Schists perfectly bedded, 
dipping S, W, 



are highly bedded, dipping B.W. at 4ry. The general surface of 
contact, as usual, agrees with tho direction of the bedding-planes ; 
but dykes can bo soon to proceed from the main mass of upper 
rook and to ramify among the lower. 

In the outlying island of Brecqhou also the hornblendic beds 
dip in a westerly direction below crystalline rock. On the south side 
a vertical cliff makes a clean section of tho contact ; the upper rock 
seems to lie, though ver\' nearly, still not quite on a bedding-plane 
of the lower. In the cliff about 100 yards east is a largo lenticular 
inclusion of crystalline rock differing scarcely at all from the upper 
rook, and probably, therefore, a dyke from it On the north side of 
the island it is possible to stand on rock shelves and examine the 

^ A fair view may be obtained from a boat. The crags look inaccessible, 
but I belieTo a way down has been cut. I reached the spot from the oreux 
called the Pot, at low- water spring-tides ; this access would seldom be safe. 
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oonfcaot at leisure. The dip here is 15® or 20® N.W., and here also 
the massive rook makes a close approach to conformity, but on a 
small scale seems to cut across or run into the bedding ; so that 
again in Brccqhou we have the same imperfect indications which 
just fall short of proof. 

Yet the general conclusion from the junction-evidence, taken as a 
whole, even if wo leave out thAt of the south-east junction, must, 1 
think, be that these upper crystalline masses are not sediment-ary rocks 
metamorphosed, but one igneous overflow. The near conformity in 
each case may be due to the granite ha\diig forced itself between 
beds as a direction of least resistance. But it seems to me also 
possible that an actual flow may have taken ])lace over a surface 
nearly horizontal, and that the coarsely crystalliiuj nature may be 
duo to a higher temperature or other unknown circumstanco of that 
prodigiously remote epoch. In either case denudation has had a 
protracted task to jdane down through tlio superincumbont 
mass and lay bare the subjacent dome. There are difficulties, but 
they seem less than the difficulty of accounting lor the invariable 
appearances of flow across the edge of beds, the a]>paront intrusive 
offshoots, and the sudden transition from a Tiiiriutcly handed series 
to a mass a thousand feet thick, with only phantoms of bedding 
which floe upon ai)proach. 

The overlying rocks in Brccqhou prosont remarkable features. 
At the furthest western point of the island they slope gently down 
to the sea, and show no greater differences from those at the ex- 
tremities of Sark than rather more mica and somewhat greater 
decay. But along the southern cliffs, approaching the doc]> inlot con- 
spicuous on the map, a structure begins to be extroraoly well marked 
and weathers out into deep furrows. The clean faces of hand- 
specimens show a banded arrangement of constituents such as is 
usually regarded as characb^ristie of a fino-grained gneiss. Tho 
dark materials gleam with mica, the white streaks are coarser and 
consist of fel6])ar with some quartz. So far as I could see, the 
passage from the crystalline rock to this is gradual and continuous, 
so that the whole mass is one. I have urifortunatel}^ made only 
one examination of the spot ; a boat, has to be taken, and it is not 
always possible to land. 

This gneissoid structure affords no valid argument in support of a 
metamorphic origin for tho crystalline rock. If it should be proved 
separate, it would of course prove nothing one way or other. If, as 
I believe, it is continuous with that, then, since it is clearly a lower 
part, almost in contact with the schists, wc should have to admit 
that metamorphism had been much less complete in tho deepest- 
seated portion of the mass. 

The banding shows corrugations visible even in hand-specimens, 
and becoming contortions of some magnitude towards the head of tho 
deep inlet on the south coast. They lie N.-S., and are plain proofs 
of an E.-W. crush or nip, of which other indications exist. It 
would appear that this great squeeze produced more visible effects 
where the granite (assuming that this gneiss is crushed granite) 
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\ against a westerly slope of schists than where, as at the north 
and south ends of Sark, the forces acted parallel to the planes of the 
junctions. This is the same as saying that the corrugations wens 
produced where the upper rock, if it slid, would have to slide up a 
slope of the lower, but not where its slip could be horizontal. This 
would seem to show that the granite was the readier to yudd ; but, 
as has boon mentioned, the schists also are in some i)]accs corru- 
gated in the like direction ; besides, the underlying iiriconformable 
gneiss may bo near the surface and influential, though concealed. 

15. Veins and Dykes, — A brief notice of the veins and dykes may 
be added to complete this account of Bark. It has Ixon mentioned 
that faints abound ; they have generally oj)encd into fissures now 
filled with a reddish earthy material. These have been (? very where 
burrowed into in search of ores, but nothing has ever been found 
worth attemi)tirjg to work except a vein of silver in Litth^ Bark, and 
this has long been abandoned. Other veins arc few. 

The dykes have not nearly the variety seen in (luernsey. I 
have soon none of the granite dykes and elvans common thercj. A 
brownish microcr3sta]lino i|uartz-f‘elsit<3 with microscopic mica 
occurs at the s('a-end of Les Boiitiquca caves, and may be the same 
as the whitish decomposed intrusive dy^kc which has originated both 
the fissure and the cavtTii. A dyke six or eight fec't broad cubs the 
rocks at the Epenpic^rit's landing, a eomjiact dark IV^lsito with 
porphyritio felspar, showing under the mi(5roscop(‘ also a fair 
amount of mica. The pink rhyolites or glassy folsites of (hiemsty 
and tlersey scorn to 1)0 entirely wanting. ^J'hc clifls south of Dixt^ari 
Bay are travorsf'd by some large dykes conspicuous fjom the water, 
but mostly inaccessible; I believe they are identical with a specimen 
oello(;ted in the Bay Terrible, which is a beautiful, higblj’’ crys- 
talline syenite or diorite, with a good deal of epidote intermixwl. 

Tlio iiiajoritv of the dykes belong to the (juernsey group of 
basaltic or diabasic intrusions, and to that section which are of 
medium fineness. A slide cut from one of those which traverses 
the cliff near the Coupek? is dcscjibed by Prof. Bonucy to me as 
“ probably a homblendic diabase rather than a true diorite.-’ 

There is a fine mica-trap dyke, a kersaiitite, at the N.E. comer 
of the cliffs of Port du Moulin, and apparently a smaller one much 
decomposed at the natural gatoAvny in the southern wall of that bay. 
There seem also traces of another in the road-cutting at the Coupee ; 
doubtless others may be found. 

0. Hemi and Jethour two sniall islands lie between 

Sark and Guernsey, wh. abroad}’' described, it may be 

convenient to append he* \account of them. Herm* the 

northern, is the larger, at \ile long and ^ mile broad. 

Jethou, the southern, is sepan narrow but deep channel, and 

though not one quarter the six term, is rather higher. Both 
consist of a beautiful crj’stallinv rock, usually regarded as a 

granite. Jethou possesses a faint U ion in N.-S. vei1ic.al planes, and 
Henn also shows a tendency to the .me structure at its end nearer 
Jethou. On the east side of Jethca is a very fine raised heaeh« 
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1 5 feet above high-water mark, four or five yards thick, a mass of 
rounded pebbles in general as large as a man’s head, but some of 
them two or three feet across. In the south-east of Horm is a fine 
“ creux." This name is generally applied in these islands to a 
shaft in the hill-side communicating at its bottom with the sea ; 
but the Creux Mahic in Guernsey is a cave, and at the Creux 
Harbour in Bark there is now at all events only a tunnel through 
the rocks. On the south-west shore of Ilerin, below some cottages, a 
greenish compact seam, often less than lialf an inch wide, runs for 
many yards through the granite, and becoming wider shows its real 
nature by dcvelojang into an ordinary com]>act dyke. This helps 
to explain some of the a]>])earimoes noted in the Sark granite. In 
.lethou in like manner there are a few j)laty dykes, and a small much- 
decayed dyke of miea-tra]> which shows its lat(‘T date by traversing 
one of the abov<\ The singular “shell beach ” at the north end of 
.llerm, the only one of the kind in these islands, illustrates the local 
nature of fossil accumulations. 

The granite of Herm is a highly orystalliiu^ rock, cotisisting of 
white felspar, both orthoclase and plagioclase, hornblende, quartz, 
and Motile, with a little apatites ; in my slide mica encloses a horn- 
blende crystal. The felspar often shows plagioclase striping even 
to the unaided eye, but generally is rather amorphous ; it occurs in 
grains about -I ineli long, but runs up to half an inch o]’ more in 
some specimens. The hornblende is in well-formed crystals, often 
rather lath-sb a pod, but seldom exceeds inch. The quartz is in the 
tisual intorstitijil glassy grains. The mica is the least abundant of 
the prmcii)al constituents ; it shows Avell-shaped hexagonal plates. 
Dark nodes are 1‘requent, and vary nmoli in shape and in sharpness 
of definition. The rock of Jethou is much the same as that of 
Herm, both to the eye and under the microscope ; but Prof. Bouncy 
remarks to mo on a slide that it is a little crushed, while a slide 
from Herm shows no crushing. But, as above mentioned, on a largo 
scale there is a veiy faint structure visible also in Herm at the end 
nearer Jethou. l*rof. Bouncy writes of both that they are holo- 
crystalliiie and indubitably igneous. 

7. General Conehiaiom . — Comparing these granites of Herm and 
Jethou with the granitic overlying rock of Sark described above and 
shown also to be igneous, the dilfcrences apiiear very slight and 
smaller than may Ik? found in less widely separated parts of many 
continuous masses of granite. The probability, then, seems con- 
siderable that they are all remnants of one great irruption. No 
Jersey rocks that I know, and none of the principal Guernsey rocks, 
appear to be the same as these ; but the granite of Aldcnuy, which I 
hope at some future time to describe, 1 expect will prove also to belong 
to this great mass. Certainly some of my sj)ocimens could not bo 
distinguished as different. If so, since Alderney, the northernmost 
island, shows no sign of crushing, while Herm and Jethou exhibit 
faint traces, and Sark, the southernmost, presents clear proofs of 
compression, it would seem that the compressing forces had acted 
more powerfully in the south of the area concerned. 

Q.J.G.S. No. 171. 
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The order of geological events in Sark thus appears to have been 
as follows : — A mass of Archaean rock of uncertain origin had de- 
posited on it a thick series of beds of alternating materials, princi- 
pally hornhlendic, i)OHsibly of volcanic origin. Over these (whether 
other beds had also bceai superposed cannot now be discovered) a 
mass of granitic or syenitic igneous rock Bubscquently flowed. 
After the solidification of this, but still probably at a very early 
period, came a great east and west nip. Except the intrusive dykes 
there are no later materials with which to continue its histor}\ 

The physical geology of Sark affords many interesting subjects of 
study. The api)aronily homogeneous granite, contrary to what 
might bo oxpfjcted, doeomposes much more readily than the banded 
horn bleu do- schists. I have been inclined to fancy that on all sides of 
the island there is a tendency for rock masses, in fault- throws in 
fissures or in slides, to loan away from tlie central mass. This 
may be duo to the domed arrangemetnt of llie bods, or may have 
followed iho cessation of the nij)f>ing force and be a result of elas- 
ticity, or it may be simply caused by tlio undermining of tho sc'a. 
The (luup('o is duo to a fault and fissiire-vt'iii which form a case iji 
point ; and tho celebrated (louliot cavils appear to bo clue to a slide 
of this nature*. More generally, however, the eaves have originated 
in dykes, as liave the Jloiitiqucs, and, 1 think, the (houx Terrible. 

Tiio Arch jean ago <d‘ these rocks is not lik<dy to bo contested by 
many. Th(^y are analogous in structure to admittedly pro-Cambrian 
rocks elsewhere. They seem distinctly older than the iinfossili- 
foTous argillites of Jj'vst^y, themselves of extreme antiquity, and, I 
believe, unlike any neiglibouring even (lambrian bt:ds. And the 
scries of tho Einisterre lieds, which I had the o])portunity of seeing 
this year under tlie guidance of ])r. Bnrrois, contains in tlie whole 
succession, from (Jarbonitbrous down to (’ambrian, nothing that can 
bo compared to them, '.fho only rocks 1 sjiw IIkto capable of being 
classed along with the Sark schists were some beds at J’ouldu south of 
Quimporh*, which in the Erench Geoh^gical map aro themselves 
mjirked as pre-l’ambriari. 

It may, however, be suggested that their highly crystalline con- 
dition is duo to the intluonce of the vast mass of granite by which 
they have been ovortlowed. 1 jun not sure but tluit this enuse may 
have had some effect. However, iu the lirst jdace tho beds nearest 
the granite aro not everywhere the most highly crystalline. 
Secondly, in tho neighbouring region of Brittany I had in 3 880 
the opportunity of studying, under Dr. Barrois's guidance, tho effects 
produced by intrusive granites on a nuinher of widely differing 
rocks of almost every age, and none of these were metamorphosed 
into any resemblance to those hornblende-schists. Thirdly, the 
only rocks of that region wliieh resembled the Hcrm-Sark-Aldemey 
granite that overlies these schists are granites which Br, Barrois,on 
independent evidence, considers Cambrian at latest. 

To myself the most interesting feature in Sark is the unconfonnable 
overlie of the hornhlendic beds on older gneiss. Several observers 
have lately brought forward convincing proofs that certain gneisses 
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schists formerly regarded as metamorphosed sediments are really 
igneous rocks in which banding has been developed by crush. In 
the usual fervour of conversion some writers seem rather desirous, if 
they can^ to account for everything this w’ay. It may bo a useful 
warning that here in Sark we find a series which cannot have been 
so produced, 

Discttssiok. 

The Pbesibent remarkcil on the value attaching to Prof. Barrois’s 
work in Brittany, and on the interest of the observations made on 
the country by Prof. Bonnoy. The conclusions as to the Arcluenn 
age of the lovrer gnoissose rocks would probably bo generally ac- 
cepted ; but a question w liich must still bo regarded as an ojani one 
was, whether foliation over corrospondiHl w ith original bedding. 
The supposed instances of unconformity and curront-bodding de- 
pended on the assumption that such was tlic case. 

Mr. Becki-ir said that certain rocks of C^ilifornia which he bad 
studied whereof Keocomian age and sedimentary origin, and, despite 
a certain dissimilarity, there w'jis a reiuarkablc pi‘trogra])bical re- 
semblance. Aropliibolitos and olbor rnetamorphic rocks w’ere 
common, and diabases and diorites abounded, Tlie diorites passed 
into am])bibolitos ; gbuic(*pliano occurred in tb(‘ latter, and glauco- 
phane-schists resulted from altered shales, the positions of tln^ 
glaiicophune-prisms resulting from Bchistusity of the shales and 
being related to the original bedding~])lancH, Ho had remarked 
transitions betw’eeii glaucopbane and actinolit('. 

Mr. JIuTLEV remarked on tlio probalde extension in former times 
of Arcbman, Cambrian, and Silurian rocks from Brittany and the 
Channel Islands through Devon and Cornwall and Wales. Ho 
considered that- there might he cases iii winch foliation d(mot(ul 
original bedding, as in one of the instances suggested liy Mr. Hill, 
in which it seemed that the hornblende-schist might consist of 
triatcrials dtuived from the d<^gradation of eru])tivo rocks, later 
stresse.’l' in these old rocks may have obliterated Die evidence of 
earlier action of the. same kind. 

Mr. Hill said, with reference to Prof. Bonnoy’s remarks on the 
difficulties found in mapping the region, in which he concurred, that 
one advantage w\as tlie absence of travelled blocks. H(^ reinaikcd 
on the curious arkose-likc apiiearance of tlio cnished rocks on the 
coast south of ttuimperh*. He quite agreed that there was an 
ancient Archajan biise to the rocks of Brittany. 

Dr. Hicks said that in Great Britain gneiss and other rocks of the 
character of those on the table from Brittany and the Channel 
Islands were only found in the Archaean series. The most inqior- 
tant question, i, <?. as to tlie age of these rocks, seemed thorofore to 
be completely settled by these researches. He was inclined to doubt 
whether the 8uppo.sed false-bedding of Port du Moulin w^as really 
due to deposition. He had described certain breccias in Wales 
that might explain the conditions exhibited by the crushed gneisses 
describ^ by Prof. Bonney. 


2a 2 



336 


OK TEE BOCKS OF 6ABK, HEBM, AKB JETHOB. 


Prof* Bonnet, in reply, said he considered glaucophane merel^'L 
peculiar variety of hornblende. It would require very strong evi- 
dence to convince him that sandstones and similar rocks did ever 
pass into serpentine &c. With regard to Mr. Rutley^s remarks, he 
could see no evidence in Brittany of important disturbances from 
Cambrian times till after the Carboniferous era. The questions 
raised by Mr. Hill hud been treated in Ibe ])aj)er; the arkose-like 
rock turned out to he gneiss clearly crushed in situ. He agreed with 
Dr. Kicks that the tq^pearances of false-bedding in mctamorphic 
rocks were of doubtful origin, but in some cases other explanations 
}>resented great difhciiltios, and sedimentation of some sort was pro- 
bably to 1)0 det ected in Archaean rocks. 

Mr. IIiLL said the appearance that ho referred to false-bedding 
occurred, not in gneiss, but in the ovtjrlying hornblende-schists. The 
jiosaibility of iliose hornblende-schists being tuffs had occurred to 
him, but ho had not been able to discover any evidence. 
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On TEBTiAEr Ctclostomatous Brtozoa frmn New Zealahb, 
By Aethitr Wm, Waters, Esq., F.G.S. (Read May il, 1887.) 

[Plate XVIII.] 

The Chilostomata have already been described in this volumo of 
the Journal, p. 40, and therefore it is not necessary to repeat 
particulars about the localities. 

This part I have kept back, hoping that the results of the * Chal- 
lenger' Expedition might throw some light upon tliis iinsatishictory 
suborder ; but Mr. Busk's second, jiart of the Report is a great 
disappointment in this respect, as only thirty-three species arc 
recorded, and these are for the most part well known and common. 
In fact, the results of this great ex[>cdition do not seem, so l‘ar us tho 
Cyclostomata are concerned, to exceed what 1 presume a sj»ecialist 
might, after a storm, collect in a few morning walks in tho neigh- 
bourhood of the Sydney Harbour. 

We do not seem to make much progress with the discourfiging 
Cj’clos torn ala, or to obtain fresh characters uiM)n which chissilications 
can be based, and in fact tlu re are a li‘W New-Zeuluud fossils 
concerning which 1 cannot pronounce a detiuitc opinion as to whether 
they really belong to the Bryozoa or not. However, altliough not 
satisfied with our means of classilicutiou, any fossils wliich can be 
readily recognized should b(' described, as, hesid(‘s being useful 
stratigraphieally, fuller acquaint aiue may gradually set ns in ilio 
right linos. 

1 would propose that we should divide tin? (Velostornata into two 
subdivisions, namely, first, tlu^ randh hiia^ or those in wliich tho 
surface of the zoariuni is to a considorabhi extent formed of tlio 
lateral walls of the zooicia, of whieli Croym, Entalojdtora, iJiaslo- 
2 >ora^ and Tn^tdipont may be taken as lyp(*.s ; and, secondly, tho 
liectuwjidata, or those in which tho zoajcia or eancelli open for tlio 
most part at right angles to the axis or surface of tho zoarium or 
subcolony, of which IJeUrujtora, Licheno/ford, &c. may be taken as 
typical. 

We aro met with the fact that there arc several cases of genera 
having similar zoaiial appearance which must be separated into 
these two divisions : for instance, there is the true Jdmonm., m 
I, Al 'dneana, with the zomeial walls parallel for the greater part with 
the zoarial axis and the wall minutely perforated ; and, on the other 
hand, with a similar zoarial aiipcaranco, CriHiaa CfinciMafa has 
medium-sized iiiU*rstitial tubes between the zoa‘cia, both opening at 
right angles to the surface. 

We have already seen Cj clostomata and Chilostomata ipiite similar 
in mode of growth, and in fact in this respect resembling even 
animals of other classes, so that wc need not be surprised at tiuding 
such similarity in two snbdi^ions. 

There are cases where, in badly preserved fossils with large pores, 
it may be difficult to distinguish whether these are interstitial or 
merely perforations in the shell- wall; but when sections con be 



SS8 


A. W, WATBIUB OH TEBadAEt OYCl-OSTOlULTOtrs 

made^ the stracture will he seen. For instance, in Idmo^iea radiam, 
Lamk., there are large pores perforating the shell-wall; and to 
similar ca8e8*in Homera I have referred in this Journal, voL xL 
p. 678, pL XXX. fig. 8. 

It is interesting to find the “rays,'’ or hair- like teeth, preserved 
in the zooBcia of fossil Entalophora intricaria : and I would specially 
call the attention of palscontologists to PI. XVITI. fig. 4, as this repre- 
sents a most typical Cycloatomatous form, showing both the usual 
shell-structure with pores between the zooecia, and also the “ rays,” 
which are now known to occur in both of the divisions which I 
propose to make, though previously they have only been described 
in the rfictauf/ulata^ as in Jlet^ropora and Lichenopora, They also 
occur, however, in a Xew-Zealand Tuhuhpoi'a, 

Tuhtilipora hUhipIlcata and T. Campicheana are two ver}' interesting 
species, showing considerable variation in the mode of growth. If 
the sorios of specimens had not been moderately large, it is possible 
that more than two species would have been made. 
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l. I'AUALLKLATA. 

1. Idmoin'H HrrjwnH (X ) 

2, — — rarntwa («/'Orft.) 

8. fonl .>rU, Ji 

4. Kutalo]>hora intricuria (iA) 

5. — — Wanganui I'liHiN, hii. nov 

6. Cinctipora ulrijanH, Iluilnu 

7. Horuera Injnuieulata (Xirwjx.) 

8. Stomntoporii g^ranulata ( 

ft. — majof {JohHttf.) 

10. (IjlatnuH (John*it,) 

11. DiaMtoporii Huborhii'ularis, X? 

13. 8amirni»iH, JVorm., var. 

purauiruiita. nov 

1.1. Tnlmlipora cninuliata (.Rav.) 

14. Campioht'aua (d*Of‘b.) 

1 ft, bidup1icat.n, sp, nov 

15. Faaoicularia iubipom, i/ 

17* Buporcytis digitata, d'Orh 

II. RBCTANOULATA. 

IS. XAohvuopora radiate (j4«d.) 

1ft. — — biepida (X7ew. ) 

aO. lilyiaufonnis {tVOrb.y 

31. — - vrauganuieuaia, ap. nov 

38. — boletiformia (li’Orft.) 

33. Houldavrorthii (2/.) 

34. Ik'ptoeavtJii nap«'>ra. ap. nov 

33. Heteropora ptMHculate, W'<i/<ra ... 
ag, napiaranaia, ap. nov 

37. Criaina oanocdlata, JRaa 

38. Craaaohoriiera waipaknraiuua, ap. 

nov 
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;P«tenc Marla. 


I’rtam*. 

I Marla. 


Woikato. 

S NfipitT Harbour. 
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Waikato. 
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Napier Harbour, 
reimyacmia atcllata, JS. 
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Oat of the 28 species or varieties 18 are known living, G at least 
from New Zealand, 10 from either New Zealand or Australian 
waters, and 8 have been found fossil in Australia. This brings the 
number of Chilostomata and Cyclostomata up to lOG ; and the 
second part entirely agrees with the first in iiidicat ing that they are 
comparatively recent. 

In figs. I, 4, 14, 15 (PI. XYIIl.), the size is taken from photo- 
graphs which wore used, and st udy j)botograplis of several Bj>ocie8 
mentioned are doi>osited Aviih the Society. 

1. Idjioxka sEurioxs (L.). 

For synonyms S(‘e TIincks, llrit. Mar. Polyz. ]>. -153, pi. Ixi. figs. 
2, 3 ; pi. lx. fig. 2 ; and Pergens, Plioc. Hry. von Ithodos, Ann. Nat.- 
hist. Ilofmuscums, vol. ii. p. 5. 

Some fine specimens from the Petanc !Marls are eniiredy adnatc on 
an oysteixshell, throwing out numerous strap-shapiMl rays. 

The ovicclls in recent Naples specimens o{‘ciir Ixdow llio jiinotion, 
spreading downwards, and with a bi-otid fuunel-sha]Kid opening. 

Jjm\ Living: Eurojiean Seas ; New Zealand. Fossil: Pliocene of 
Sicily and (Calabria; 'NVaipukurau ; JVtane Marls; Tommy dully 
(Petanc) ; near Napier. 

2. Ihmoxka uamosa (d’Orh.). 

ramosa^ d'Orb. Pal. Fr. ]>. 751, pL 751. tigs. I 3. 

? /‘rohoscinn Haime, Pry. Foss, de la Form, Jurassi(|no 

p. ](>7, pi. vi. fig. 3 ; Pergons Meunier, Annalos Soc. Itoy. Malac. 
de Belgique, vol. xxi. p. 217. 

Tliis grows much like Idrnoum and at oin^ time I lliougbt 

that the sixjcimeus M'cro only worn exain[)]('s of that 8])(*cies ; but 
the zocecial tubes are scarcely raised and eciuidistaiit, whercais in 
7. $i rpms the central zoaM:ial tubes are much I’ai.sod and connate, with 
o\itlying separate zomcia. Tlie scries are about 0-5 nnlliin. apart. 
\n one specimen, from near Napier, more consiilorable ox])an*sion 
lakes jdace; and iliis form at omi time 1 Ke])arated as 7. contiuncita, 
Tliis last grows much like Tahulij^forn lohtiUiUt^ hut the rays are in 
scries. 

Loc, Fossil: Cretaceous; Waipukiirau and near Najiier. 

3. IlOtONKA COXTOUTA, Busk. 

Id mourn eootoHa, Bu.sk, Cat. Mar. Polyzoa, pt. iii. p. 12, jd. viii. 

A specimen from the neighbourhood of Napi(?r forms an anasto- 
mosing mass. The branches are about 2 millim. across, and in 
section arc subtri angular, somewhat rounded on the dorsal surface. 
The series are about 0*8 millim. a])art.,with G or 7 zou^cia in a scries; 
doi'sal surface with fine huigitudinal lines. 

The surface is so much wo:ti that it is impossible to judge how 
much the zooecia projected. 

TeHnysmla sUUaia has a row of zooccial |>ores, between which 
there are cancelli. Before comparison with the British>Museuin 
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specimen I was in doubt as to whether Tent^ymiia might be /. eontorta 
or Crmna eancellata, 

Loc. Living ; Algoa Lay* Possil : near I?^apier, 

4. ENTALOPuoia iNTKic\KiA (Busk). (PL XVIIL figs. 5 & 6.) 

Pusttdopora mtricaria, Busk, Oat. Mar. Polyzoa, pt. iii. p. 22, 
pi. X, figs. 1 & 4; Haswcll, Cyclost. Polyzoa of Port Jackson, Proc. 
Linn. Soc. N. 8. W. vol. iv. p. .‘352. 

A small fragment from 8hako.si)eare Cliff, Wanganui, is without 
any doubt the same as a recent Entalojdwrn, which is a]>pareiilly not 
uncomTiioii in Now-Zealand and Australian seas. It l‘ro(|uently 
anastomoses and forms dense intricate masses : tlie zotiria are 
about 1*5 inillim, in diameter, and the zooccia are irregularly placed, 
often bulging our towards the end, but become narrower again at 
the aperture, which is about 0*U3 miilim. w'idc. 

In the zocncial tubes tberc arc always a large number of minulo 
rays with c:lub-Hhai)ed 1 leads, on which tliere arc numerous tiilicrclcs. 
1 have called attention (Ann. ^Fag. Kut. Hist. ser. 5, vol. iii. j». 27(>) 
to similar rays in Lkhcmrpom radiata^ and pointed out that these 
rays, or “ hair-like tt'otli,’' hud globular terminat ions : and in that 
species there are fewer tubercles on theso licads, in fact they are 
xisually cruciform. Ih’ofessor x'Jicholson has figured and dt^scribcd 
similar rays in J/( feropora pdlicnlata, y\i\ivrs ; and tliese I have also 
figured in this Journal, vol. xl. pi. xxxi. fig. 2S, but have not yet 
been able to sec that the heads arc tubcrcuJatc<l. They also occur in 
a species of Talndlpora^ besides Lichcnopora 'pridlsy MacU., L. cn;#- 
cdhtUi, L. radiata^ and L, lIoMsworthii, Jt. 

The size and arrangomciit of th(‘ zoo^cia are similar in the recent 
and fossil exarnples ; and, after having made the doterruination l>y 
those characters, it was no small satisfaction to find that in the zocecial 
tubes those minute rays were preserved, thus confirming the absolute 
identity of the two. 

Loc. Living; New Zealand; Port Phillip and Port Philli]> Heads 
(IF.); New South Wales (//.). Fossil : Wanganui (base of Shake- 
speare Cliff). 

5. Entalophojia wakganuiensis, sp. nov. (PI. XVIII. fig. 1.) 

Zoarium 2-5 miilim. iii diniiu'ter ; about ton zooccia in a complete 
series. Distance of series about 1 *2 miilim. apart. The ends of the 
zooDciu but slightly projecting ; surface jutted, with small pores in the 
centre of the pits. The zomcia are very distinct and rounded, gi\iiig 
the whole a columnar appearance, and arc msually arranged round 
the zoarium in a verticillato manner ; but sometimes the arrangement 
becomes irregular. The closure, which occurs at about the level of 
the border of the zoarium, is present in many of the zooccia, and 
has numerous large perforations. This has as large zooccia (aperture 
0*4 miilim.) as any Cyclostomata with which I am acquainted, being 
about the same size as those of Cinctipora ehgans of Hutton ; but 
in that species the zooccia do not project at all, nor are the ends 
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tubular, but cut off straight. I am in doubt as to whether Cinctipom 
elegans is really Bryozoan. 

Loc» Fossil : Shakespeare Cliff (ATauganui). 

6. ClKCTIPOKA ELEGANS, Hutton, 

Cinctijpora elegans, Hutton, Cat. Mar, Moll. p. lOil; Manual of 
the Kew Zealand Moll, 1U8. 

Frofossor Hutton has sent mo some recent specimens from New 
Zealand, and these exactly correspond with the fossil. The appear* 
ance is somewhat the same as that of Eutalophoya, but tlic zou'cia 
do not project, and are cut off straight at the surface of tlie zoariuni. 
The branches are about millim. in diameter, and tlie zomcia are 
very large (0-2 millim. wide), arranged in a spiral manner, opening 
diagonally to the surface; about 12 cells form a complete spiral. 
Although it is placed among the Bryozoa, it must be pointed out 
that its relationship is not proved. I'lie external port ion of the shell 
is formed of thick lil lous layers in a manner winch is not usual in 
Enictlojihora, and there are few external pores. There arc connecting 
pores in the interior. This is closely related to V gilHd rojiora 
am)^«ff?,T.-AVoods, placed by that author among tln^ Jlydrocorallime 
(PalaDont. of Now Zealand, p. 21), and which also occurs fossil near 
Nhipicr. In this last the openings jire more vertical to the surface, 
and it is larger, with a more solid shell ; but it would seem sufficietit 
to separate it as var. airolata, ^pitvjforrna innuersa^ Woods, may 
also be allied ; but ibis is a species with wliich I am unaciiuainl«‘d. 

Aoc. Living; Wellington (New Zealand). Fossil: near Napier, 
W aipukurau. 

7. IloKXERA EUONDICULATA (Lumx.). 

llonura frondicnlata, AVaters, (fuart. Joiirn. Cicol, Soc. vol. xl. 
p. 087; Busk, ‘ Challenger’ Beport, i>t. ii. p. 15; Fergens, I’lioc. 
Bi*}’. von lUiodos, p. 0. 

Loc, Oligocene, Latdorf &c. ; Flioccne, Crag, Italy and Sicily; 
Curdies Crei‘k, Itiver-M iirruy Cliffs, Buirnsdulo, Mount (lambier, 
Shakespeare Cdiff (AVungaiiui). Living: Mediteriaman, Cape Verd, 
100~12U fathoms. 

8. SxOMATOrOHA GIJAXULATA (M.-Edw.). 

Alecto grauidata, M .-Edw. Mem. sur Its Crisies &c., Ann. Sc. Nat. 2*^ 
Ser. t. ix. X). 2o5, jd. xvi. fig. B ; Busk, B. M. Cat. p. 24, id. xxxii. 
fig. 1 ; * Challenger ’ lleport, p. 22. 

StomaUepont grarmlata, d'Orb. I’al. Fr. p. 8BG, id, ()28. tigs, 5-8. 

? Etomaiojgora imrasmia, d’Orh. ibid. p. 8B7, id. (>28. figs. 9-11. 
Htamaiopora ranua (Blainv.), d’Orb. ibid, p, 842, pi. OBO. figs. 
9-12. 

Stoma topora mmima, Homer, Folyp. des nordd, Tert. Gebirges, 
. p, 22, pi. iii. fig. 1, 

Becent specimens from New Zealand and fossils from AA^aipukurau 
eorrespoud in size, being about 0*15 millim. wide, with an aperture 
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0*^12 milllm. The width of the zooeeia remains constant throughout 
the length, which is usually alwut 1 millimetre. 

A s|>ecimon from the Valangian of Bt. Croix (Jura) is about the 
same size, hut the zoojcia commence much narrower and then widen 
out. 

Loc. living: Bintish and Northern Seas, New Zealand ; Tristan 
d'Acunlia, ()(t 9() fathoms. Fossil : Cndaccous (Valangian and 
Senonian) of Europe ; Oligoeeno, Sollingen ; AVaipukurau. 

0. Bxomatopoka majok (Johrist.). 

Aheto major, Johnst. Brit. Zooph. 2nd cd. p. 281, ])1. xlix. figs. 3, 

4 ; Seguonzu, “ Le Formaz. 'JVrz.,” Accad. dei Lincei, celxxvii. p. 2i>7. 

** Prohoacina intenacfJia^^* Novak, Brj*. der Bohm. Kreideformation, 
llenkHchr. k.k. Akad. vol. xxxvii. p. ]<>2, pi. v. figs. 1-13. 

For other synonyms K(je llinckH’s Brit. Mar. Folyzoa, p. 427, pL 
Iviii. and pi. Ixi. fig. 3 ; IVrgeim, J^lioc. Bry. von Bhodos, p. 9. 

The branches are O’cS-FOmillim. wide, and the zocecial aperture is 
about 0*12 inillim., flic extremities sometimes in irregular transverse 
rows. 4’his is very much like ProUm iaii cnisna^ lliimer, in d’Or- 
higny, Fal. Fran(j*. ji, S4S, and perliaps should he united to it. 

Lor, living : Biitish and Northern Seas ; (lueeu Charlotte 
Islands (//.). Fossil : Cretaceous of Bohemiti ; Crag, England ; 
IMiocenc (Astiun) of Calabria ; near Najier ; Waipukurau ; Tommy 
Gully’ (Petane) ; and Trig Station. 

10. SxOSlATOrOKA nil.ATAXH (.loliiist.). 

AUi'Uf idlatansj Johnst, Brit. Zooph. 2nd ed. p. 2Si, pi. xlix. figs. 
rr-8. 

For synonyms, sec llineks, Brit. Mar. Polyz. p. 420, pi. Ivii. fig. 3. 
Is not this Crlsrrifla (llrhoiouat, d’Orb. ? 

:U)C, living: Northern Seas. Fossil: Crag, England ; Tommy 
Gully (Petune); Trig Station. 

11. DiASToroKA sunounict LAiavS 

Diastopora suborbirahiri^yWiiim, Quart. Journ. GeoL Soc. vol. xl. 
p. ()89. 

A specimen from near Napier has both zoarium and zooecia about 
twice the size of those of the following species. The ovicells are 
large, enclosing several zotecia and radially elongate. 

Loc, Living ; British and Northern Seas. Fossil : llkfuddy' Creek, 
Mount Gambicr (Australia) ; near Napier and Tommy Gully (Pe- 
tano). 

12. Diasxopoiu barniknsis, Norm., var. peraxgusta, nov. 

A fossil from Waipukiu’au and a recent specimen from New 
Zealand aw identical in size, the zoarium being 0*25 millim. in dia- 
meter. The zooocia radiate irregularly from tlie centre, with the 
•outHnes very distinct and the ends erect ; the younger zoeocia nm by 
the side of the older ones for some distance, thus causing the zoesda 
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to be lees crowded than is usually the case. The zoooeial tubee are 
Tory narrow, only about 0-06 millim., with the slightly elliptical 
aperture about 0*04 millim. , and these very small Kocooia are only 
about half the size of those of typical 7>. mrniemis from Guernsey. 
The fossil is without an oviceil, but the recent specimen has them 
transversely elongate. Tlie zoarial appearance is somewhat the same 
as in J). obt lia ; and in the fossil there are closed cells, w*ith a tubule 
projecting from the centre of the cover. 

Loc, Living : New Zealand. Fossil : Waipuhuraii. 

13. TuBULirouA. niMiDiATA (llss.). 

Defranda dlmkUata^ Keuss, Foss. J^)lyp. d. Wien. Tort. p. 39, 
1 ) 1 . vi. hg. (i. ‘ 

Pavotuhkjcra dimldlata^ IN'aters, (luart. Joarii. Geol. Soc. vol. xl. 
p. 091. 

Loc. Fossil: Miocene of Austria and ILnigary ; Mount Ganibier ; 
Trig Station. 

14. TrjiULii'oKA CAMncniuxA (d'Orh.). (1^1. XVIll. fig. 15.) 

Middfascifji ra Cam^ddtcauay d'Orb. INil. Franc, p. 0JS8, pi. 702, 

figs. 7- 9. 

This, like T, htdttpliatffi, occurs in strap-shaped expansions, 
Buniotimos quHe sepuratt*. soinctinies coiillucnt ; and then often the 
lines of growth can scartcly be followed. Here, instead of the 
zo(xK‘ia occuning in uniseiial rows, they are in fasciculi aU(*rnat© 
on each side of a mesial line; ; on (‘ach side of the jirincipal row 
and in the line of the fascicadi ar<' oik^ or two zoauda as outliers. 

The growth is so similar in this and the next R]>ecics that^ at one 
time 1 was not sure if tln-y s\\t)\ild he H]>ccitically sc^paraled ; hut 
this form is much stouter, having the series 1 millim. apart, whereas 
in T, ItJdnjdivfUn they are only millim. apart. In those jiatts 
<tf the colony where the growth is the least regular, tlie appearance 
is just the same as iii the St.-CVoix .specimens, and 1 think it must be 
cousidenal identical with the Jurassic species. A Bpecimou in the 
Laiisiuine Mnsouin, from St. (h'c>ix, has vwy distinct liexagonal 
divisions between the zocecia, and in the Ncw-Zeulaiid fossil similar 
divisions fire found in some parts. 

The ooecia are large, occurring in various parts of Hu? zoarium, 
but usually near the end, including the seri(*s on each side of th© 
mesial line, and usually in* about three double scries. 

Loc. Fossil : Valangian of St. Croix ; l*etanc ; Waipukurau ; 
Napier, 

15. TuBULiroRA BiDUPLicATA, 8p. nov. (FI. XVJII. figs. 12 & 14.) 

Zoarium adnate, branches broadly ligiilato or united at the base, 
forming a continuous crust. Zocecia arranged on each side of a 
mesial line in parallel transverse rovrs opposite or alternate, usually 
two or three zooecia in a row, but occasionally, as at the dichoto- 
mization, in isolated fasciculi ; on each side of these principal 
ows, and in the line of the series, are one or two zooecia as outliers. 
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This is a most interesting species, as numerous specimens show 
great range of variation, and we also see how artificial our generic 
divisions are, for I should have been justified in placing this under 
Idmoma. It is probable that T.fasciculifera^ Hincks (Ann. & Mag, 
Nat. Hist. ser. vol. xiii, p. 35, pi. ix. fig. 6) is a variety of this 
species ; and the unconnected colonies remind us of lieptofascigera 
alternata^ d’Orb. ; while those that are continuous over a large 
surface resemble MuUifasciyera Oamjneheana^ d’Orb. It is also 
closely allied to Fascieulipora gradlis^ MacG. ; but the very long 
bundles of zooccia, connate for their greater length, show that this 
last must certainly bo looked upon as specifically distinct. 

A specimen from near Napier extends over a space of about 3 
centim. across, and has extensive omcial inflations, enclosing about 
4 series, and wider than a ligula. 

A fine recent specimen from New Zealand, in Miss Jelly’s collec- 
tion, has the subcolonies widely flabellate, instead of strap-shaped, 
and the spaces between the zoc^cia are, in places, divided into angular 
or hexagonal divisions. The zocecia are usually uniserial, but 
sometimes fasciculate. The small fragment from Port Phillip has 
the zocecia close together without any space between. 

Loc. Living : Port Phillip, Victoria ( IP.) ; New Zealand {W,\ 
Fossil : Tommy Gully (Petaue) ; Napier ; Waipukurau, Trig Station ; 
Petane Marls. 


16. FAscicunMiiA TUinpoiiA, Busk. 

Fascicuhria tnUpora, Busk, Crag Polyzoa, p, 130, pi. xxi. fig. 1. 

Tho fossil from near Na])icr is one inch across, but is clearly 
only a fragment of u large piece. “ The horizontal, tabular, con- 
centric laiuiiue” are nearer togetlier than in tlic Crag specimen; 
but with this cxcoptiou 1 sec no diirerence. 

A recent T, tuhipvra in Jkliss Jelly’s collection lias a few funnel- 
shaped openings on tho luniina*. These may be ovicellular openings, 
but a division across tho narrower diameter raises doubts as to tho 
function. 

Loc, living: New Zealand? Fossil; C. Crag {B,); lied Crag 
(jS.); Pliocene of llametto, iSicily (IP.); near Napier. 


17 . SuPERCYiis niGiTATA, d’Orb. 


Bvpercytis digiUiia^ d’Orb. Pal. Prune, p. lOGl, pi. 71)8. figs. 
; (?) Waters, Quart. Joiirn. Geol. 8oc. vol. xl. p. {5d2, pi. xxxi. 
figs. 22, 26, 27 ; Busk, ‘ Chullongcr ’ Beport, vol. xvii. p. 29, i)l. v. 
fig. 3 ; (?) Keuss, ill Geinitz, Elblhalgohirge, vol. i. p. 123, pi. xxx. 
fig. 5; lieuss, ibid. vol. ii. p. 136; (?) Pergens et Meunier, Bry. 
Garumniens de Paxo, Ann. Soc. Hoy. Maine, de Belgique, vol. xxi. 

p. 221. 

Faseicidij^ora digitaia. Busk, Cat. Mar. Polyzoa, p, 37, pi. xxxiii. 
fig- 1- 


The New-Zealand fossils arc undoubtedly the same as the recent 
forms found by the * Challenger,’ although smaller and with a variable 
of digitate lobes, averaging, however, about twelve; the 
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coEtral zooBcia are in long rows or groups, as described by Buslc (fig. 3). 
We are not yet in a position to say whether the fossil specimen 
from Murray Cliff, which has the central zocecia regularly distri- 
buted, should or should not bo separated on this account. 

Mr. Busk makes me responsible for the locality South Australia” 
for the fossils ; but this is clearly a slip on his part for Victoria, the 
only locality from which I have seen it fossil except New Zealand, 
lie has also made a slip in the mcasuropients of the zoarium, which 
should he 12 X 8 miUim., not 0*12 x 0*8 millim. 

The basal growth cx)n8i8t8 of a central portion formed of large 
tubes, around which are much smaller tubes, opening at right angles 
to the axis of the zoarium, with hexagonal or irreguliur angulfur 
openings. 

There is a specimen from Napier, which certainly seems to be 
this species, but it is without central cover and is much worn. It 
consists of subcolonies growing from one base. 

Loc» Living: New Zealand. Fossil: Shakespeare Cliff (Wan- 
ganui). This or an ally from the Cretaceous of France; Faxoe; 
Btrehlen ; the Cenomanian of Saxony ; and Victoria. 

18. Lichenopoil\ iuduta (Aud.). 

Lichenopom radlata, Waters, Quart. Journ. Oeol. Soc. vol. xl, 
p. ()94; Porgens, Plioc. Bry. von llhodos, p. 10. 

Loc, Living : British S<‘as ; 'Meditorrauoan ; Australia. Fossil ; 
Pliocene of Europe ; Australia ; Waipukurau. 

19. Lichenopoka irispiDA (Flora.). 

Lichmoj)ora Itisphhi, Waters, Quart. Journ. Geol. Soc. vol. xl. 
p. 094 ; * Challenger ’ llcport, vol. xvii. p. 2t> ; I'orgens, Plioc. 
Bry. von Khodos, p. 10. 

Loc. Jiiving : Europeim Sous; Australia ; Tristan d’Aciinha, 100- 
1100 fath. Fossil: Miocene; Kisenstaclt and Morhisch. Crag; 
the Pliocene of Calabria : ^It. Gambior ; Buirnsdale : Muddy Greek ; 
Murray River ; Waurn Ponds ; Waipukurau : near Napier. 

20. LicHEXoPoiiA CLYPEiFoKMis (d’Orb.). 

7'nhulipnra clf/pfifonnis, d’Orb. Voyage dans PAmerique Meri- 
dionale, vol. v. p. lii, pi. 9. fig. 5. 

Tliere are some thick pieces of a confluent Lkhmopora from near 
Napier, in which the distinct central zocecia are raised into a mound, 
and start from the centre of tin? subcolonv, thus leaving no central 
space. The peripheral zomcia are less distinct, and this portion 
resembles L, hUpida. The zoa^cia are 0*07 millim., and the intor- 
stitial pores 0*04 millim., both being smaller than in L. hupida. 
This much resembles Bimnliicavea variahilu^ d’Orh., hut differs 
from the Aldinga specimen in size, the centre of each colony being 
only about 3 millim. from the centre of those round it, and the 
zocBcial and interstitial pores, as mentioned, are also smaller. Pro- 
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j L» vmiahilU is allied to L, pristis, which in some subcoloniea 
shows a tendency to multiserial rays. 

Xoc. ' Living : lies Malouines. Fossil: near Napier ; Waikato. 

31. LiCHEJfOPOHA WANOANTJIEXSIS, Sp. nOV. 

The specimens from Wanganui are in bingle disks, about 5 
millim. wide, with 10-20 multiserial rays. The whole of the 
centre tumid, with the tumid portion extending between the rays. 
Tlio covering of this part is reticulated, with a calcareous finely 
perforated crust between the bars of the reticulation. Zocncial 
openings about 0* 13 millim. wide. 

Lichenopora wanganuiensis, sp. nov. ; Hcrai-dimjrammatlc^ to show 
the tumid centnd area, (Enlarged 7 diameters.) 



There arc some loss satisfactorily iireserved speciraous from near 
Napier, which are usually formed of conflia*nt colonies, with similar 
stnicturo of the central jualio!!. 

This may bo tlm DismpnnUa nndUermnea of Ihisk (Oat. Mar. 
Polyzoa, pt. iii. p. 33, j)l. xxxiv. fig. -t) : bat this is doubtful, and 
it is extremely uncertain wbetber Busk s is the same as Blainvillc^s 
and Michelin’s species. 

A recent specimen from Port I’liillip, wliich I consider to bo L, 
ecMnatay Macd. has tbc central eancolli closed by a reticulated and 
perforated crust ; and this is also the case \\'ith some subcolonics of 
what I named lladlpora pmiuhmt from Naples. 

Attention has most bt'eu paid to the structure of the rays of 
Idedunopora \ but, for purposes of cla.ssifi<!ation, it seems that the 
central portion is the most important ; and this in many cases has, at 
different stages, quite a difftTent appearance, so that both young and 
mature specimens should be descrihed. 

. This is also allied to L, califoniica^ d’Orb. ; but specimens from 
Port* AVestern, Victoria, have the centnil part covered over with a 
eofitinuoiis minutely perforated crust, which spreads for a short 
distance between the rays. Wo are hardly in a position at present 

* L, MncQ-., seems to me to be the confluent form of L, 

MaoG., and has a similar structure in the centre of the suboolonies. 
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to decide upon the importance of the difference between the reticu- 
lated and the merely perforated crust. 

22. Lichekopora eoLETiFOitMis (d'Orb.). 

LicJtenopora holdifarmis^ Waters, Quart. Joum. Geol. Soc. vol. xl. 
p, 095, pi. xxxi. figs, 20, 21, 

A specimen from Waikato, with the zoarium in a single layer 
and confluent subcoloiiics, and with the biscrial rays much raised, 
surrounding a depressed central area, apj)cars to bo this sjiecies. 
The openings are all about the same size, mostly about 0*15 millim. 

23. Liciienopora IIorLDswoRTuii (Busk). 

jyiacoporella IlouldswortJitl^ Busk, Cat. Mar. Polyzoa, pt. iii. p, 33, 
pi. XXX. fig. 4. 

A recent specimen from Port Western, in !Mis8 .Telly's collection, 
has tho “denticles” to which I referred (Biy. Xaj)les, p, 276, 
pi. xxiv. fig. 11) with very distinct knobs; but tho shapes 1 cannot 
make out, as it w'ould be necessary to break up tlie specimen. This 
is no doubt what Mr. Busk means by stellatio j)oros ; but tho 
expression might have a different moaning ; (comparison, how<;vor, 
with the British-^Museum specimen has established the identity. 

Tho zo(ecial tubes arc about 0*07 millim., and tlio cancolli about 
millim. in diameter, with denticles in all the tulx^s. The 
fossil from Waipukurau corresponds in the size of tho zoarium and 
in the characters. 

This resembles Kadiopora Fmncqxiana and Urdcavea coUis^ d'Orb. 
(Pal. Fr.). 

Loc, Living: Ceylon (/L); Port Western (Victoria). Fossil : 
Waipukurau. 

24. IIeptocavea aspeea, sp. nov. (1*1, XVITI. figs. 10 & 13.) 

The greater ]>art of a small oysh^-shell is thinly incrusted with 
this species. The zoa'cial tubes rise but very sliglitly from the 
general surface, having tho side of the j>orihtomo whicjh is directed 
away from the grow ing edge slightly raised and acuminate ; between 
these are small interstitial pores. 

Near tho border of the zoarium, and occasionally elsewhere, 
radial lalaminato ridges rise from the surface, wnth zo<X(eia on each 
side corresponding to those of the basal structure. Usually, the 
ridges rise but very slightly (not more than 1 millimetre), though 
in one case a narrow foliaceous expansion rises 4 millim, above tho 
surface and is 7 millim. wide. Tho minute structure resembles parta 
of Lichenopora hlsp}iiia, and on that account the specific name is 
chosen. The gro^vth, however, is that of Diaatopora or Mesenteripora, 
In the interior of the zouicial and interstitial tubes there arc slight 
elevations, which no doubt represent the well-developed “ rays ” of 
Entxdophora intricaria^ &c. There is a recent fonn from New 
Zealand, which is at any rate closely allied. This last, however, is 
bilaminate, the lamime being large and contorted, the colony 
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having originated on a Catenicell^a ; in the zooBcial tubes the 
closures are terminal with small excontric tabular projections, and 
the interior of the zooecial tubes has slight projections a short 
distance down. 

B’Orbigny’s generic name will servo very well to show the 
Xolationship ; but I do not thereby wish to convey that we may not 
aema day have to place it in better-understood genus. 

Log. Waipukurau Gorge. ^ 

Hbtebopoba PBLLicirLATA, Waters. 

Ileteropora pelliculata^Waters, Journ. R. Micr. Soc. n. ser. vol. ii. 
p. 390, pi. XV. figs. 1, 2, 3, 4, 7; Quart. Journ. Geol. Soc. vol. xl. 
p. 077, pi. xxxi. figs. 24 & 28. 

Meteropora neozelaniea, Busk, Journ. Linn. Soc., Zool. vol. xiv. 
p. 725, pi. XV. figs. 1-4 ; Nicholson, Ann. & Mag. Nat. Hist. ser. 5, 
vol. vii. 1880, p. 329. 

As I have already pointed out, direct comparison has proved that 
neozelanica is only a sjmonym. This comparison was made with 
New-Zealand spocimons kindly furnished by Prof. Nicholson from 
the same locality as Mr. Busk s. The interior was well preserved, 
but the exterior was corroded, and the diffbrenco in the shape of 
growth is not greater than in the series of Japanese specimens in 
the British Museum. 

This may also be /f. Novdk ; but under any circum- 

stances it will bo advisable to change tluit name, as there is a 
MMlmvea marpiijica^ d’Orb., which belongs to this genus. 

Tho branches of the Napier fossil are mostly long and about 
3 *4 niillim. in diameter ; the apertures of tho zotecia are about 
0*12 millim., and the interstitial j>orcs arc only slightly smaller. I 
do not find that any of the (Cretaceous or Jurassic Jlch roponv in my 
collection have the apertures larger than about 0'0(; millim. 

The recent New-Zealaud specimens have slightly larger zooecia 
than in tlie fossil, or in those from Japan. 

Loc, Living: Japan; New Zealand. F-ssil : near Napier and 
** Napier Harbour,” 

2fi. Hetekovoka NAPnoREEsis, sp. nov. 

There are a number of specimens from near’ Napier, which 
I at first thought were only stout growths of //. pelllcftlaia; 
hut this does not seem to be tho case, as tho zooccinl interstitial 
pores are usually about lialf the size i)f those of tho fossil fl, 
peUknlalfi^ those in i/. napiereush being only about 0*00 millim. 
The zoarium is sometimes formed of superposed layers, either 
entirely or over jmrt of the surface, and in some there is also a 
, tendency to slight tuberculation of the surface. 

The zoarium growls from a stout base or peduncle, from which 
arise several (in one case 8) short thick branches (5-8 millim.), witli 
round thickened ends, having much the appearance of some of the 
large calcareous seaweeds. 
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There are sometimes tabulm in various positions in the zooecial 
tubes, but only one or two in a tube, and not many as in 
H. conifera. 

This may be the H, foraminulenta of Novak. 

Loc, Possil: Napier and Napier Harbour.” 

27. Ckisij^a cakcellata (Goldf.). (PL XVIII. figs. 8 & 11.) 

Jletepora eancellnta^ Goldfuss, Petr. Germ. p. 103, t. 36. fig. 17. 

Idmonea caTicellatot^ Eeuss, Foss. Polyp, des Wiener Tert. p. 46, 

pi. V. figs. 25-27, pi. vi, fig. 33 ; Manzoni, Bri. foss^ del Mioo, 
d’Austr. ed ting. p. 7, pi. v. fig. 18. 

Zoarium from Napier 10 millim. high and 10-25 millim. across, 
formed ot* anastomosing branches l*5-2’5 millim. in diameter. The 
branches are subtriangular, that is, they have a flat surface on the 
front between the series of zooeeia, and the dorsal surface is slightly 
rounded. The series consist of four or five zooccia, which are not 
very prominent ; and on the surface between these as well as the flat 
part on the front, and also the dorsal surface, are numerous tubular 
pores, which, however, in some parts open diagonally instead of 
vertically. This internal structure is shown, in Manzoni’s figure of 
Idmonea foraminosa, llss. (Bri. foss. Austr. ed Ung. pt. iii. pi. iv, 
fig. 16 b). 

A specimen from Waipukiirau is decidedly smaller, with the flat 
space in front very narrow ; so that the section is nearly triangular. 
At the bifurcation in this specimcjn there is an ocecial inflation, the 
surface of which has large pores. 

I do not consider that this can remain under Idmonea, and havo 
used d’Orbigny’s name of Crlsina, a genus under wdiich lleuss, 
Manzoni, and J^toliczka have placed species with a similar structure. 
The chief character must be considered to be the interstitial tubes 
between the zocucia, and in many of d’Orbigny’s Crisimr there is a 
space between the two lateral soiies of zooccia ; in Laterocavea and 
in Semicidlaria ramosa also the structure with the small pores in 
similar. Possibly it might be called Laterocavea punctata, d’Orb. 
It is larger than Criaina foraminosa, Itss, (8e])taricnthon, p. 109, 
pi. ix. fig. 6) ; but it is no doubt closely allied to this as well as to 
V, canallcnlata, 

Loc. Fossil : Miocene of Austria and Hungary ; near Napier ; 
'VVaipukuraii, 

Since the above was written, IVlessrs. Pergens and Meunier have 
given a long list of synonyms to Idmonea cancellata from Faxoc (see 
Ann. Soc. 11. Malac. de Belgique, vol. xxi. p. 214). 

28. Chassohotinkka waipukukkxsis, sp. nov. (PL XVIII. figs. 2, 
3, 4, & 9.) 

There are two fossils from the cutting near Waipukurau gorge, 
which certainly seem to be Bryozoa, and which it is best to designate 
for future comparison. 

The one has broad thick branches, and the zoarial growth is 
apparently like that of Truncatula or 08Culij>ora, with round openings 
aJ.G.a No.171. 2 b 
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0*26 millim. wide, regularly covering the front, while the dorsal 
surface is sulcate, with elongate ixjres in the suld. The front and 
back therefore correspond in structure with Ilornera, The other 
specimen has the branches comxjresscd ; but tlu* anterior and dorsal 
structures arc the same. This grows from a small fiat base. 

Ceriopora arhuHculum^ liss. (Foss. l*olyz. Tert. j). 34, pi. v. 

jUgs. 12, 13), has much the same a]>}iearanco ; but from the meagre 
desorijition identification is impossible. 

Should more jjorfect sjjecimens show that it is advisable to retain 
the j>rovisioual name of CVrmoAo/vura, the genus must be defined 
on more satisfactory material. 

There is also a small fragment of a large branching Kntalophora 
^om Wai])ukurau. The zooccia are more or less verticillate, and 
there are two or more to a row, suggesting a relationship to such a 
form as Peripora llf/eriensiM, d'()rh. 


EXPLANATION OK PI. ATE X\ lii. 

Fig. 1. Kftfahjthora wovganuienHis^, np. iiov. X H>. 

11, n. Ci'nsaohdrnrra ‘f/jaipuA-ttn Hp. nov. Nal unil sizo. 

4. Front of CmuHohorvcra v^a ip u Ant remix, «p, nuv, x 

fi. Hcistioii of rt'wtit hlnfulojihiit'a inirieftiHi, B. x »‘i7. 

<i. ‘'linyH” of V'nhilopftnru infrirttrin, B. x -'ott 
7. *‘11h)’s'* of Lif hentfporu. ratiiafd. And. X Tott 
H. Front of Crisina cantr/fafa, J^hkss. x 

‘K Portal Hurluco of (Vmsfthonicra ttaipv An remix, »p. n«')V. X S.'i. 
10. Iff pf (n't! vea ffapera, up. m»v. Xaturnl nizr. 

1 1. Doi’Hni Ntirfaco of Cri,sina mnreUafu, x ‘S>. 

12. 'I'uhitlijxiro (fid ffplietitfi , sp. nuv. Natural sizr. 
i;$. liepfoeaven axpera, ap, nov. X 7. 

14. 'J'uhftiipora hidupdenfft, sp. nov. X 7. 

If). Tuhnlipunx ('QtnpielH.UH(i, d’Orb. x 7. 
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26. On the Hocks of the Essex Dbift. By the Rev. A. W. Bowb, 
M.A., E.G.S. (Read May 11, 1887.) 

The rocks of the drift in Essex are of such great variety that it is 
veiy' difficult to get a really rej>rosentative collection ; hut I have 
selected some two hundred specimens out of a much larger number, 
and these, 1 think, may fairly be called representative, at any rate 
of the rocks in the western and north- western parts of Essex. Some 
of these are chips from large boulders, others are rolled pebbles. 1 
have gathered them from the surface of the land within a radius of 
about four miles from Felstead, taking them chiefly from the open 
fields, the lanes, ditches, and bye-roads, and avoiding the main roads 
for obvious reasons, although no imported road-metal is used in the 
immediate neighbourhood. A considerabl(‘ number have been taken 
out of the Boulder-clay, and some few^ from the gravel-beds which 
underlie it. The village of Felstead stands npou high ground over- 
looking the valley of the Chelmcr, about six miles to the north-w'est of 
Braintree and just off the highroad l»etw'eon Braint ree and Diinmow’. 
The general apjiearaucc of tliis part of Essex is that of a tableland 
which has been carved out into valleys, wdth gently sloping rounded 
hills. On tlie slopes of these hills there are at all levels, even to the very 
tops, beds of loamy gravel, alternating with a considerable thiekness 
of stiff yellow loam in some j>art8, and in others with chalky Boulder- 
clay, patches of w hich lie on the tops of the hills and along the upper 
slopes, sometimes reaching down to a considerable d(‘pth, wdiilo here 
and there the London Clay conies to the surface. The way in which 
the sujicrficial de^iosits lie was clearly shown a short time ago by a 
section wdiich liad bc'cn made in the railway-cutting near Dunmow. 
Unfortunately this has become covered uj) again ; but at the time 
it was made a small jhotograiih of it was taken for me by a friend. 
The section showed that there w^ore between six and seven feet of 
chalky Bouldcr-clay, ])art of wdiich only was uncovered, resting 
upon a layer of red and yellow laminated clays, a few inches Ihick^ 
overlying some tw elve feet of reddish loamy gravel, consisting of large 
and small subangular flints, quartzites, quartz-rocks, sandstones, 
and lumps of hard chalk, these last being very plainly striated. 
Between the chalky clay and the laminated clays a large block of 
Jurassic limestone could be seem sticking out, and, upon examination, 
it was found to J>e deeply grooved with striae upon more than one 
face. I had previously found a similar block sticking out from 
under the Boulder-clay, about a hundred yards away from this section 
in the same cutting, and this also was striated in a similar manner. 
But besides the numerous beds of gravel, the surface is ever3rwhere 
strewn with fragments of rocks, rounded pebbles, and flintstones ; and 
in cutting open grips for surface-draining, or in deepening ditches 
and ponds, large masses of flint, rounded boulders of quartzite and 
sandstone, and great blocks of doierite and other rocka are thrown 
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otit upon the land or into the lanes, or are carted off to the farmyards 
to repair walls or to serve as mounting-stones, or to fillup holes 
in front of the doorways. And upon comparing those which I know 
have been taken out of the , Bouldcr-elay wdih the rocks which lie 
upon the surface, 1 have found them to be, as a r-ulo, so precisely 
similar in character as to leave no room for doubt that the great 
majority of them belong to the same series. On the other hand, there 
are certain fragments of rock found upon the surface wliose presence 
there is doubtless due to other causes than tlie glacial drift, such as 
fragments of Jurassic limestone and of hard chalk rock (used in earlier 
times for building churches and priories), arid j>ieces of a trachytic rock 
closely resembling that which the liomaus imported from (lermany for 
use as millstones. Yet, making all allow^an ce for such fra gments, there 
still remain the facts that an immense number of l>ould(?r8 and frag- 
ments, some of very large size and nearly all polished and smoothed 
and rounded in a remarkable manner, are found lying on the surface, 
which cannot conceivably have come so far from w^hcre they are 
found in situ in any other way than as having been included in the 
drift ; and that, wdicrcver the surface of the ground is being broken 
up at the proHOiit day, exactly similar boulders and fi agmcnts of rock 
are being dug up and l(‘ft lying on the surface. These do not , how ever, 
appear to belong to tin? same period as the beds of gravel ; for not only 
is the general tippiairaneo of the stones in tlie gravel- j)its very different 
from the uiipearance of those found on the surface, but also, though 
(juartzites, sundstoiieB, and (piarlz-rocks abound both in the gravels 
and on tln^ surfae-e, yet I have not found any fragnuuits of hard crystal- 
line limestone orof J urassic limestones in the gravel-beds, and only two 
or three fragments of dolerito, and these so(l(H'oin])os(*d,1hat. only a very 
small core was still crystalline ; w hereas, among the stones on the 
surface, blocks of hard cr vst all ino limestone and of Jurassic liinostono 
are most abundant , and there are a very great number of boulders of 
dolerito, some of oonsiderahle size, of wdiich the cry'stalline components 
are as sharp and fresh lus if they’ had just been struc^k off from an almost 
unweathered mass. Tin* vt.*ry great variety in these rocks makes it 
very difficult to classify them at all vvatisfactorily ; so much so, that 
after having examined sevtual hundred piccres, and having made 
microscopic sections of at least one hundred and fifty, 1 find that I 
can do little more than form Iheui into groups, and point out. the 
common features of each giouj), making special mention of any 
specimen which seems to riMpiire it. 

Granite . — It is somewdnit more convenient to take the igneous 
rocks first and to consider the sandstones and limestones afterwards. 
And the first group of igneous rocks should haveinciuded the granites 
or orthoclase-quartz-mica rocks ; but though I have searched care- 
fully for them, y'et I have not been able hitherto to find a single 
specimen of granite. This is the more remarkable, because I under- 
stand that rooks of this class arc not unfrequently found iu the 
Boulder-clay both in Norfolk and in Lincolnshire. 

JSyenite . — The rocks of this class are also very rarely met with. 
At present I have found only two small specimens (nos. 1, 2). Of 
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these, the former consists chiefly of pla^ioclase and hornblende, with 
some good examples of magnesia-mica (biotite), and is therefore au 
orthoelase-plagioclaso syenite, and the latter is a pinkish-grey rock 
with not much hornblende, and that in specks. It resembles a fine- 
grained granite, and appears to be like the rock described by Mr, Untie)" 
in his article “ On the Igneous Hocks of the Warwickshire Coal-field’ 
(dcol. Mag, December ]>. 5e5i)), though there is not much plagio- 
clase in section which 1 luivo taken. 

Qn(H'f.z porph/rites. — These rocks seem to abound in the drift. 
The specimens 1 have are numbered 3, 5, 0, 7, 110, 111, 112, 115: 
the character of the last Ibui* being so difiicult to determine that I had 
at first placed tlieni in another group ; but upon the whole they 
appear to belong to the ]jorphyritic quartz-rocks. Some of these 
specimens are veiy cli>se- grained and compact ; but in others the 
p(jrphyritic crystals aie very distinct, and in two or throe oases they 
are so Itirge and abundant a.s to give the rock the character oT a 
conglomerate. The ground-mass varies from a distinctly felsitic 
character to a mosnic of small grains. The (‘rystals of (juartz are, 
in some cases, more rounded bl(‘bs ; while in otluu's they are much 
larger, with more or less di.stinct outline, though u.siially rounded. 
Tiiey arc frecpiently cracked, and, in almost all cases, are full of 
minute enclosures and lines of dust. 0?‘ystals of fels])ar also occur 
full of enclosures, much worn, and so decomposed as, in some cases, 
to jjresent a mealy ai)peurance. In no. 7 there is an aj>poarunco of 
tluxioM-structnre. 

Qaartz-tovnH((line. — Kocks of this class also scami to l)e very 
abundant. The s])eciraens arc numbered 4, It, 10, 1], 12, lOJS, 
109, 113, 114. The ground-mass is granitic; hut the grains vary 
very mucli in size. Tliey contain scliorl in abundance, either in 
needles enclosed in other crystals, or in aggrt^g?ites of grains with a 
dt‘cided tendency to a fan- sluiped or radiate format ion, or in spheroidal 
]>atches, or else in long lines ])assing irregularly through the section 
like thin threads, (hie of theses sections (no. J 13) seems to call for 
special mentio/i, as it is in many rcsjiects a remarkable rock. The 
8])eciinen is part of a large rounded boulder of very groat hardness, 
which 1 dug out from the gravels ; it is j)ort'ectly smooth and liighly 
polished, and has vei’y narrow almost jiarallel bands of yellow 
alternating with narrow hands of Idack, so as to give it a peculiar 
striped apjiearancc. The fractured surface is <juite dull and very 
compact. The microscojiic section shows a microcrystalliiie mosaic 
of quartz, alternating wdth numerous dark bands composed of tour- 
maline with dark amorphous matter. 

Ft'hites. — Of these rocks I liave found only four specimens (nos. 14, 
15, 16, 17), and these are all more or less devitrified. Nos. 14 and 
15 are very dark compact rocks, of sp. gr. 2-(>5. The section of 
no. ]4 shows a s])hcrwlitic structure and lluxion-arrangement ; but 
that of no. 15 is entirely spherulitic, for the spherulites press 
so closely upon one another as to fill up the whole space. In. 
no, 16 there is a fairly wide band passing through the section, in which 
crystallites are xdainly discernible in long rods, and in many cawjs 
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oetttm; the epherolites are more apparent in the 
iQUOl^rj^talliiie position. But no. 17 is an entirely different 
appearance and not close-grained: the 
setuon of this rock reveals a remarkable perlitic structure, the small 
^rrow bands being apparently composed of minute grains of quartz ; 
TOO section also contains several circular aggregates of clear felspar. 
I have been informed that devitrified rhyolites of this character are 
stated to have been found in Sweden, at Elvedalen,*in Hedemarken. 

Quartz-trachytes. — The only specimen that I have found of these 
rocks is numbered 18 ; the texture of the rock is fine-grained and 
compact, though vesicular in places ; the section shows that the 
ground-mass is really vitreous, though so filled with minute grains 
of quartz as to give it an appearance of a finely granitic character ; 
it contains some larger crystals of quartz and orthoclase with 
abundant enclosures and bubbles. 

Felspar-porphy rites. — These rocks are exceedingly abundant in 
the drift ; the specimens are luinibercd from 1!) to «‘i8. They 
vary very much in appearance, but in all of them the porphyritic 
felspar can be clearly seen in the hand-specimens, though none of 
the crystals are of any great size ; the sections show generally a 
crypto-crystalline felsitic base, enclosing porphyritic crystals of 
orthoclase and plagioclase, but chiefly plagioclase — in some cases 
perfectly clear and transparent, in others in various stages of decom- 
position, much cracked and with outlines broken and indistinct ; in 
some sections the felspar is altered into a mealy appearance, in others 
it has a pearly lustre. Augilo is occasionally present in granular 
aggregates or in scattered crystals, and in some cases (quartz. Some 
fine instances of zonal structure in fels]>ar occur, notably in no. 21, 
and some sections contain tourmaline in abundance, especially nos. 
22 to 82 ; this last-mentioned s[)ecimen is in many respects worthy 
of notice, and it is questionable whether it ought not really to be 
included among the (luartz-tounnaline rocks. The hand-8])ecimen 
is of a dark grey colour and very vesicular, the cavities being 
lined with minute pyramidal crystals of (]uartz and with minute 
crystals of tourmaline. In tho section the porjdiyritio felspar 
seems to bo made up of aggr(‘gat<‘s of minute crystalline grains 
corresponding W’ith the ground-mass. Tho quartz is abundant, 
chiefly in aggregates : but one long and very clear crystal sliows 
twinning under crossed nicols, one half remaining dark shot-grey, 
the other pale yellow ; on rotation both evtiaguish partially and 
simultaneously ; when the nicols are not crossed, the pale jcllow 
part on rotation shows dark purplish blue changing to pale yellow, 
but the other half shows no colour at all. Nos. 88 and 84 are typical 
augite- andesites ; in both the base is verj’ vitreous and in 84 it shows 
great disturbance and fl uxioii-structure very clearly. The plagioclase 
is very clear, though much broken, and there are some good examples 
of zonal structure. The augite in 84 is, in most cases, eii her enclosed 
within the felspar, so that only a border of felspar is visible, or else 
attached to it, in some cases lying partly within the felspar, partly 
in the base ; in 38 there are some good examples of a distinctly 
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pleoohroic mineral of the enstatite group altering into baatite, the 
pleochroism being from pale green to brown. No. 38 contains a 
considerable amount of hornblende in irregular crystals, some of 
which is enclosed in the felspiir. 

Trachytes, — I have found a fair number of specimens of these 
rocks among the stones on the surface, but I am very doubtful 
whether they really belong to the drift or were imported, probably 
in very early times, for use as millstones ; for 1 have found not only 
a curious small millstone made from this rock, but some other pieces 
also grooved and marked in an evidently artificial manner. A section 
from the millston6 was kindly examined by l^rofessor Bonney and 
pronounced by him to be very similar to the well-known Nieder- 
mendig rock. Tliey are vesicular rocks of a dark grey colour 
approaching to black, and of a tracliytic texture ; the sections vary, 
no. 39 showing crystals of ]>lagioclase and hornblende in a base 
composed of microliths of felspar and grains of hornblende. No. 40 
has a vitreous base, enclosing abundant augiie, but not much horn- 
blende ; in 43 the augite is again abundant and there are some lino 
instances of zonal struct ure : in all these rocks the crystals of augit^e 
and hornblende are surrounded l)y a distinct narrow border much 
lighter in colour and showing no j)l(‘ochroism ; undtu’ crossed nicols 
both crystal and border ext inguish together, but in some eases appear 
to leave a narrow rim of light betw(tcu tlic crystal and the border. 

Do/tntes . — Hocks of this class are exceedingly abundant in the 
drift, but they are all of a more or less fine-grained character ; all 
the coarser doleritcs and all those of a trm‘ ophitic character are 
remarkable for their absence. ^Moreover, 1 have not as 5 a‘t found any 
specimens of columnar doJorites, tluuigh J understand tliat these 
rocks arc of very common occnrrcaice in the drift in the east of 
England ; hut of those which 1 have found, some arc in very large 
blocks, much polished androunde<l, hutiaily u few retain any strije : 
one of these blocks, which was dug up out of a ditch some few 
years ago and taken to the farm where it now licis, nn’asuros roughly 
3 ft. X 3 ft. X 1 ft. 4 in., it is mneli rounded and judisluid and 
in one small part of it the stria) are very clear: another Ijarge block 
was lately dug from a depth of sevcTal feet in a clay-pit, in 
which the yellowish-while clay is full of whitened flints very plainly 
striated, like those numherod 173, one of which came from this clay ; 
the block was found V>roken or, rather, cracked into several large 
fragments. The specimens of these doleritcs are numbered 44 to 
04, and may be divided into hvo groups : — The Jirsi group comprises 
nos. 44 to 52 ; these arc of a fine-grained character and a dark 
greenish -grey (X)lour, the crystals being just perceptible to tlic naked 
eye ; under the microscope the texture is seen to be subojjhilic : they 
are plagioclase-augite-olivine rocks, the plagioclase being usually 
in microliths or else in lath -shaped crystals ; tlie augite in aggregates 
or distinct crystals, in some cases rather highly coloured ; the olivine 
varying very much, being sometimes so much altered that nothing 
but the outline remains the same, in other cases bedng very fresh 
and clear except along the cracks, and in some instances being 
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aggregates ; in nos. 47 and 52 the magnetite is in skeleton crystals : 
the specific ^avityof these rocks varies from 2*86 to 2*90. The second 
group comprises nos. 63 to 60, rocks of a greyish-brown colour and 
fine-grained ; of these no. 59 is one of the few pieces that I have 
found in the gravels, and no. 60 is so much altered that it is some- 
what difficult to distinguish its component crystals ; they are plagio- 
clase>augite rocks, of a suhophitic texture and containing no olivine ; 
the augite is in almost all cases in granular aggregates and the 
plagioclase in microliths. The magnetite in some cases is in large 
plates and skeleton crystals enclosing augite and plagioclase ; they 
appear to contain a little biotite; the specific gravity of these rocks 
varies from 2*81 to 2*93. The specimens in these two groups have a 
general resemblance to the suhophitic dolerites of Central England, 
some being very suggestive of the Eowley liag, and others of the 
If leswell Dale rocks ; but upon comparing them with the sections 
,%ich 1 have made of the Eowley Eag, the Tide-swell Dale rock, and 
the Mount Sorrell dolerite^ and with Mr. Allport’s sections of the 
Central England rocks, I could not find any such definite points of 
resemblance as would enable one to say with any certainty whatever 
that they are different parts of the same rock. On the other hand, 
they do not appear to have any special points of similarity with the 
north of England dolerites ; and upon comparing them with some few 
sections which 1 have of the dolerites of Southern and Eastern Scot- 
land and with Dr. A. Goikie’s doscni)ti()n of these rocks in the Trans- 
actions of the Eoyal Society of Edinburgh, I could not discern any 
real points of resemblance. They be found to hc^ identical with 
some of the Scandinavian dolerites, hut they are altogether ditferont 
from the few specimens of those rocks winch were sent me from Sweden . 

The third group of dolerites, nos. 61 to 83, includes some remarkable 
specimens of plagioclase-augito-olivine rocks of trachy tic texture, the 
magma in some cases being exceedingly vitreous. These are all very 
blaok-looking close-grained rocks, the crystals not being discernible 
with the naked eye, except the olivine : one of these, no. 69, is from 
the gravel ; but the specimen was so deeoin]>osed that it was only from 
the core of it that a good crystalline sectioi. could be obtained. Tho 
magma of these rocks is vitreous, the plagioclase generally in 
minute microliths and, as a rule, not ahujidant, in some few cases in 
granular aggregates, but generally in well-formed crystals, some- 
times porphyritically developed and of a fairly dark colour ; the 
olivine usually porphyritic, in some cases lemarkably clear and fresh, 
hut occasionally altered, and in a few instances it is in granular 
The magnetite is often in minute rounded grains, as if 
tho section had been powdered with it ; in some cases it partially 
or completely fills up crystals of olivine, and in a few sections it has a 
linear arrangement. The specific gravity of these rocks varies from 
2*90 to 3*02. Bo far as I have been able to judge, these dolerites 
have neither any general nor any special likeness to the dolerites of 
Central England, except perhaps in these two respects, viz. that in 
nos. 76, 80, 81, the olivine is in granular aggregates, which, I think, is 
somewhat unusual, although 1 believe it occurs in some specimens 
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from tbe Rowley Rag; and that nos. 64, 65, 66 have some 
points of resemblance to a rock from Swinnerton Park and to a 
boulder found near Leicester which resembles that rock ; but they 
differ in one most important point, viz. that nos. 64, 65, 66 contain 
porphyritic augite, remarkably well developed, whereas I under- 
stand that neither the Swinnerton-Park baSalt nor the Leicester 
boulder contain porphyritic augite at all. These dolerites, more- 
over, are totally unlike any of. the known dolerites of the north 
of England ; they are, however, remarkably similar to some Scandi- 
navian rocks, and this is especially so in the case of those very 
specimens, no, 64, 65, 66, which differ from the Central England 
rocks, and in that very point in which they so differ, viz. in their 
containing porphyritic augite ; for upon comparing them with some 
specimens sent me from Sweden and labelled Pilahall (Scania), 
Gustafsborg (Scanic), and Anneklef (Scanie), the general similarity 
between them is in itself striking ; and besides this the sections show 
that they are almost identical in the following points : — the clearness 
of the olivine, the porphyritic development and sharpness of outline 
of the augite, tlie peculiar greenish appearance in the coritro of 
many of the crystals of augite, the powdered arrrangement of the 
magnetite, and the specific gravity 2*9. 

The fourth gTouj) of dolerites, nos. 84 to 91, includes some rocks 
of considerable iiilercst. They arc of a dark grey colour, as a rule 
very close-grained, some being less so and lighter in colour : they 
are plagioclase-augito rocks of a suhopbitic texture ; the plagioclase 
is usually in microliths and the augite in granular aggregates, though 
in 88 and 89 it *sin distinct crystals with fine cxam])los of twinning 
hands; these specimens are so remarkably like the rocks of the Whin 
Sill as almost to establish an identity, for not only is there a very 
great general likeness in the hand-s])ccimens, hut the sections sliow 
that they are identical in several points : (1) the sections of the drift.- 
rocks contain vrhite colourless augitein long prisms, (2) they have some 
fine cxam])les of a distinctly pleochroic iniiu‘.ral of tlie enstatite group 
(liyperstheno?) altering into bastito, (3) they have many small 
grains of hiotito scattered throughout the sections, and (4) the spe- 
cific gravity of nos. 86 and 88 is 2*93. U]>on referring to Mr. Teall’s 
article iii)on the Whin Sill (in Quart.. Journ. Gool. Soc, vol, xl. 
No. 160; it will he seen that the first three points are special 
l)t‘culiaritie3 of this rock, and that in three out of the six specimens 
mentioned the specific gravity is 2*94. I undorHland, however, 
that in Central Scotland there are rocks allied to the Whin Sill, and 
that the Hunneherg rocks in. Scandinavia have been shown to be 
very similar to tht'se rocks ; the two specimens from the Hunneherg 
which I have are of a totally different character, so much so that 
there is not even a general likeness between them and the specimen 
which I have of the Wliin Sill. 

The fifth group contains three specimens, nos, 92, 93, 94, each of 
which seems to call for special mention. No. 92 is a piece of an 
exceedingly hard boulder of dolerite, measuring about a foot each 
way ; the boulder is completely rounded and polished, but scarcely 
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at all weathered ; the section shows it to be an ophitic hypersthene- 
bearing dolerite, this being the only really ophitic dolerite that 1 
have found ip the drift ; the plagioclase is abundant, but much of 
it is very cloudy; the augite fairly abundant, much cracked and 
broken ; there are several very good examples of hypersthene both 
in grains and in distinct crystals, with the pleochroism from pale 
watery green to orange or brownish red fairly strong ; some of the 
crystals are much cracked and s()me almost filled up with dark 
yellowish-brown alterat ion-matter ; in one or two cases a fibrous 
structure has been devcloj>ed. Ko. is a remarkable rock, if it be 
a genuine rock specimen and not a slag ; it has all the appearance 
of a slag, })eing very black and vesicular, and tlie magnetite is the 
great feature of the rock ; but it is also composed of crystals which 
polarize in bright colours, have some distinct outline, extinguish 
on rotation, though not simultaneously, and have some appearance 
of cleavage; its specific gravity is 4*51. The remaining sj)ceiineii, 
no. 1)4, is a ])lagioclaso-augite rock of trachytic texture, of which the 
plagioclase is the great feature ; for not only is it in abundant 
microlitbs with remarkably distinct fiiixionul arrangement, but some 
larger crystals are (uiclosed, which are of anterior consolidation to 
the ground-mass ; the section reveals a Btriicture evidently very 
similar to that of which Trofessor Judd speaks in bis article on tin? 
volcanic rocks of the north-east of File (tiluart. Jonrn. (leol. Soc. 
vol. xl. p. 428), where lie says, “the minerals of the second 
consolidation consist of imperfectly developed inicrolites of felspar 
.... the glassy base contains uumorous trichit es .... tlie dis- 
position of these and the felsjiar mi(!rolites of the second consoli- 
dation with respect to the larger ])orphyriiic iTVStals reveals a most 
striking flow-structure ; not only are these minuter elements of the 
rock arranged in irregular parallel bauds, but they are crowded in 
front find along the sides of the porphyritio crystals, trailing oft* 
behind them.’' 

GramiUies. — As these rocks are classed by some authors with the 
eruptive rocks, and by others with the metainorpbie rocks, 1 have 
placed them here between the dolerites and the crystfilline schists. 
The only two examples -which 1 have, nos. ito, bO, appear to 
be specimens of the same rock, although found at. different times 
and in different localities. The rock is of a dark grey colour, of 
a holocrystallinc granular texture, and of a slightly schistose 
structure : the sections show that the rock contains plagioclase 
and orthoclase in aVmndaiieo, but ebieny the former, the crystals 
showing signs of considerable strain, for they are much broken 
and bent, and other crystals ap])ear to have been forced between 
the broken parts ; the hornblende is in granules, and there is much 
secondary hornblende in craekvS passing through the sections, and 
in some cases through separate crystals, dividing them but not 
apparently displacing the parts ; tho rock also contains hypersthene 
in abundance, in grains and cry stals, and some biotite. Mr. Teull 
kindly examined tho sections for me, and ho writes me that they 
are very interesting rocks belonging to a well -characterized 
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Similar rocks occur in Saxony, where they aro known as pyroxene- 
granulites, in Sweden (hyperite of Tdmebohm), in Minnesota 
(augite-diorite of Streng), near Baltimore (gabbro or hyx^ersthone- 
gabbro of Williams), and in Scotland, where they have not been 
described. The original minerals appear to have been augite, 
hypersthene, magnetite, and plagioclase ; the plagioclaso of the 
Baltimore rocks is bytownite ; in most districts where they occur 
they show a considerable amount of variability in their mineralogieal 
composition; felsj^ar is sometimes abundant, sometinies absent; 
secondary hornblende is frequently jnesent, and {sometimes it entirely 
replaces both the pyroxenes 

Crystalline Srhlsls . — These rocks arc not Jilmndant in the drift. 
The specimens arc numberi'd 1)7 to 105 with 171 and iJSO. Of these 
97 to 1()8 and 180 are hornblende-schists, and are of a greyish- 
groen colour and close-grain(‘d. In s<mie eases tliey are evenly 
foliated and sjdit with a very level 1‘racture: in others they are very 
hard and much contorted, as in no. 100, a section wliieh was taken 
from a large boulder, exceedingly hard, thougli rounded and polished. 
The sections show orthoelase, as a rule, (‘Joudy Jind much altered, 
quartz not in any great quantity, and liorn'nlende varying con- 
siderably. In nos. 97 and 99 it is in long prisms (act inoliU*)^ hi 87 it 
is in irregular grains and prisms with good exaini)lcs of Iransverso and 
longitudinal sections and with somoinstanecss of twinning. Jn lOj, 
102 it is not nearly so abundant, but in 103 it is most abundant in 
grains and jnisms so minute that the hand-K))ecirnen shows a very 
compact structure of a silky apjauiranco in which it< is hardly 
possible to detect the separate cystals. ]iut no. 98 is the most 
interesting of these sections ; for besides the hornblende and some 
irregular grains of a colourless mineral showing weak tints under 
crossed nieols (zoisite ? ), it also contains abundance of dark blue 
tourmaline (indicolitc), the prisms sometimes showing a tendency 
to gather into radiate or fan-sha])ed groups. Tlie fact of the 
ocenrrence of tourmaline in this rock, when considered in connexion 
with the number of (]iiartz-tourmaline rocks in the diift, makes it at 
any rate ])robablc that they liavo come from the same locality, viz. 
from some loealitj^ where tourmaline-bearing granite is intrusive in 
hornblende-schivsts. IS' os. 304, 105, and 173 are luiea-sehists, 304 
being granatiferous ; this section was from a block of considerable 
size, and the garnets are fairly abundant, though much cracked and 
broken. 

Quartzites and Qaartz-Ifocics . — These rocks arc most abundant in 
the drift ; the quartzites occur in very large boulders as well as in 
numberless rolled pebbles. Hometiraes they are very clearly 
banded, but in most cases they show no signs of banding. They are 
usually very tine close-grained rocks with a highly lustrous 
fracture. Quartz-rocks occur mostly as large, rounded, and highly 
polished boulders, often, especially in smaller pebbles, of a rose- 
red colour. The only 8x>ecimens I have of these rocks are 

^ lishmann Die Entstehiuij? der aUkrystalliaiAche Gesteine.” Streng, 
^feues Jabrbush, 1877. Williams, Bull. U. S". Geol. Survey, no. 28, 1888. 
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2iuml3ered 106, 107, 172, and of these the section of 107 is full of 
dark lines, apparently lines of line dust, crossing and recrossing the 
crystals, 

Silicijied Wood . — Some few specimens of silicified wood occur in 
the drift; those I have are numbered 116, 117, 174; of these 116 
was kiudly examined i'or mo by Prof. AVilliainstm, of Victoria 
University, and lie considered it to be coniierous and jirobably 
Jurassic; 117 is a section of a much larger jragment, and shows 
very clearly the medullary rays, separated by interlacing woody 
fibre. 

Sandstones , — These occur in much greater abundance in the drift 
than any other rock (except the Hint. The specimens wdiicli 1 have 
selected arc numbered 1 18 to 140 and have been for the most part 
struck off large bloolvs mm^h rounded and polished. Some of thesis 
blocks aro very large, one measuring 5 ft. 9 in. X 3 ft. 0 in. x 2 ft., and 
as this lies deeply imbedded in the soft clay ground, it must be nearly 

4 ft. 6 in. in width. This mass w^as dug out some few years ago and 
dragged to its present position, where it forms part of a farmyard wall 
within a mile of Pelstcad ; the specimen is numbered 162. In the 
village of Felstead there is a raised way, the ouisido border of which 
is formed of no less than thirty-six large hlot.ks of sandstone, two of 
limestone, and one of doloritc; others stand near farmhouses 
and blacksmiths’ forges and in front of inns. The majority of 
them are ferruginous, some being highly so ; a fair number are 
completely siliceous ; us a rule they aro very fine-grained, some 
being spc^cially com])act and none that I have found being really 
coarse. They are also, wdlh two or throe exceptions, entirely un- 
foasiliferous. I am iiidehUHl to Mr. II. Keei)iMg, of the AVood- 
wardian Museum at Cambridge, for having examined them, and ho 
considered them to he for the most part (•arhoiiiferous Sandstones, 
two or three being pohbkvs of Millst c mo Grit ; the oxeeptions, whioli 
are fossiliferous, are first a block of hurd and cora])iict n'ddisli-yellow 
sandstone, no. 128, containing casts of Avividojx cten and some small 
fragments of crinoid stems ; and next two large blocks of a greyish- 
yellow sandstone, no. 1 26, one measuring .6 ft. 6 in. X 2 It. (> in. x 1 ft. 

5 in. One of these forms part of tlio raised way in the village, and 
consequently I cannot do more tlian just chij) it. The other and larger 
block lies in a farmyard, and I have therefore been able to examine 
it ; 1 have found in it fragments, hut only fragments, of Pecten 
orbicularis \ this sandstone has, however, a peculiar glazed surface 
when fractured, and Mr. Keeping recognized it as being of the same 
character as that which occurs iu the Lower Greensand in Lincoln- 
shire, and w’hich he has described and figured in his pape^r on the 
Lincolnshire Neocomian (Quart. Journ. Geol. 8oc. vol. xxxviii.). I 
have also found two or thre^e smaller boulders of a glauconite sand- 
stone, which probably belongs to the same 'scries. In addition to 
these, there are here and there boulders of a rather soft argillaceous 
sandstone, but, so far as I have yet diecovered, these aro quite 
nnfossiliforous ; and boulders of the coarse conglomerate known as 

Hertfordshire Puddingstone ” are fairly abundant, some of them 
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being of considerable size. In connexion with the sandstones, 
it maj' perhaps be w orth mentioning that an implement made from 
very bard sandstone was found on the surface close by Felstead, and 
brought to me by the gentleman who found it. It is, 1 believe, 
a Palieolitliic implement, of a shape rarely found in England, 
and may have been lying in the clay ; this seems the more likely 
from my having found twm small implements and two abraded 
quartzite pebbles in the clay*pit mentioned above. They were 
taken out of a yellowish-white clay full of striated flints and resting 
on phalky Boulder-clay, 

Limestoius , — These arc also found in considerable abundance in 
the drift ; the specimens nos. 141-lGi) belong to the ('arboniferous, 
Triassie, Jurassic, and Cretaceous scries. Of the Carboniferous, 
there are boulders and fragments of all sizes, some being of con- 
siderable size, for one measures 2 ft. 3 in. x 2 ft. x 1 ft. 3 in., and 
another 2 ft. x 1 ft. 6 in. x 1 ft. They have become weathered to a 
light bluish grey and are smoothed and rounded, but I have not de- 
tected any striation. They arc of a highly crystalline character, dark 
grey in colour, hard, and fine-grained. The sections under the 
microscope show some very perfect examples of ValvuJim^ Endo-^ 
thyra, Trochammina^ &c., chiefly V, huUotdeSf FI Toicnyij E* 
Bowmani^ and 2\ incerta, and in some of the sections the rhom- 
bohedral plates of calcite are very perfect. In addition to these, 
there is one small piece containing Lillmtrotion (no. 100). Of the 
Triassie limestone there are two pieces from the Itluctic beds, 
nos. 162, 103, containing very good specimens of Pleuromya 
crowcomheia ; oiio of these was taken from a railway-cutting at 
Castle Hedingham, considerably beyoud my radius, the other I 
found near Eelstoad ; I am indebted to Mr. II. Keeping for 
identifying them. They are somewhat iiitcrcsling, because though 
I see that the llhsctic beds are said “ to extend as a continuous,’ 
though very thin band at the top of the Trias, from the coast of 
Yorkshire across England to Lyme Kegis on the Dorsetshire 
shore ” (‘ Textbook of Geology,’ A. Geikic, p. 700), } et I understand 
that no lihaetic beds come to the surface anywhere in the north of 
England, and in that case these must be remnants of a very early 
denudation. Of the Jurassic series, there is a great abundance of 
blocks of all sizes, but I have taken only a few speeime ns, of which 
one or two are from the Cornbrash, and the majority from the 
Oxford Clay and the Kimmeridge Clay, containing Cardium, Tri^ 
gonia clavellata, Ammonites serratus, &c. There are also two or 
three pieces of Purbeck Marble, containing P(dudina Jluviorum ; but 
inasmuch as this rock was much used for church-building and 
building of priories &c., I feel that all of it that is not actually 
taken out of the Boulder- clay must be looked upon 'with suspicion, 
and this will necessarily apply to many of the Jurassic fragments 
besides the Purbeck. Of the Cretaceous series, I have found one or 
two blocks of glauconitic limestone of some size, one in particular, 
measuring 3 ft. x 2 ft. 6in. x 2 ft., which lies in an inn-yard in Fcl- 
stead, and is very much weathered and w^orn ; the section is num))cred 





lAiifle, mmy lamp of liaM dba& c^r 
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169 i$ a oeetion of ihis hard ehalk, and ia lull of drcnlar 
^mgaxnsmM of which little but the form cau be detected. Mr* 

' ^Keeping identified a spcimen as being exactly similar to the 
lii^ chalk of Cambridgeshire. There remain only the flints and the 
Bouldeivclay itself to be considered. The flints are by far the most 
abundant of the rocks in the drift, and sometimes are in blocks of 
very considerable size ; two great blocks wldch were dug out of the 
Boulder-clay in making a very deep drain measure respectively 
22in.Xll in,, and 19 in. x 11 X 7 in. In examining some Boulder- 
clay within two miles of Felstead in a disused clay-pit, I dug out 
several large flints, which were so highly polished on all sides that 
the surface was quite transparent ; there were a great number of 
them lying in this clay at a depth of from four to five feet from 
the surface ; but though apparently whole as they lay, yet, when 
taken out, they were all without oxee])tion found to be sharply 
cracked in one or two places without being at all splintered, and 
the clay itself was quite undisturbed. Of the chalky Boulder- 
clay itself three slides will be found numbered 170 ; they were taken 
from a mass of this clay exposed in an open grip close to Pelstoad, 
and they contain great numbers of very minute Foraminilera, many of 
them in perfect preservation, mixed up with particles of quartz- 
sand. 

I fear that this investigation into the character of the rocks 
of the Essex drift has so far been productive of liltlc, if any, 
practical result ; but it is possible that the mere description of the 
rocks may lead to some impoitant results as regards the general 
question of the glacial drift. In taking it up, I hoped to discover 
some of the localities from which the different rocks had come, 
and it is possible that further investigation may be productive 
of more definite results ; but at present 1 feel that the difficulties of 
actually identifying these fragments with the rocks of any special 
locality are so great that I am not myself capable of coming to any 
definite conclusion upon such a question. 1 liave to thank l‘rofessor 
Bonney and Mr. J. J. H. Tcall for so kindly examining many of 
the specimens and sections, and for several valuable suggestions. 
My thanks are also due to Professor A. Geikio and Mr. Clement 
Beid for kindly inspecting the specimens, and to Mr. H. Keeping 
for identifying several of the sandstones and the fossils in the 
limestones. 

Discussion. 

The Pkesiuent said the author of the paper had shown how much 
might be done by a petrologist even in so unpromising a region as 
Essex. Most geologists had experienced the difficulty of identifying 
rocks transported from a distance. Unless, however, the fragments 
axe actually found in situ in the Boulder-day, it is well to beware 
of concluding that they have not been brought to the spot. He 
related a case in w’hich a Mexican carving was picked up in a Bom an 
encampment in Devonshire. 
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Mx* WmrAKBB said it was oxdy by eontinnal c^idoairom to idenitfy 
tbe rooks of the Boulder^lay that any knowledge of their origin^ 
derivation conld he obtained. He also noticed the number of foreign 
ftagments scattered over the country artificially. The sandstone, 
which he concurred with Mr. Rowe in regarding as Neocomian, 
was one of the commonest stones of the Boulder-clay in West Nor- 
folk, but he had tried in vain to ascertain its origin. The paucity 
of granites was common in the Drift of the eastern counties, but the 
occurrence of llhsetic stone was new to him. On the Cromer coast 
there were boulders of rocks similar to those on the table, and 
many of the Cromer blocks were of Norwegian origin. 

Mr. CoLK mentioned the liumerous pebbles of igneous rocks in tbo 
Bunter pehblo-beda, and thought that their transference to the 
drift might complicate the question of the origin of the materials. 

The Prlsidilnt pointed out that Niedermendig beds were worked 
for niill-stoiies by the Homans, and fnigments occuned nil over 
Europe. The sandstone with glistening fractured surface w'as from 
the Spilsby Beds of Southern Lincolnsliire, as shown by a fossil it 
contained. 

IM r. Rowi: said his specimens were from large boulders, and nearly 
all had been found in tho Boulder-cla} itself or could bo traced to it. 
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27. On the Ohio in of Dhy Chalk Valleys and of Coombe Eock ♦. 

By Clement Eeid, Esq., F.G.B. (Head Eebruary 23, 1887.) 

Foil many years tho singular mass of angular Hints and Chalk, 
known as the Brighton Elephant-bed, has been familiar to geolo- 
gists f* deposit 1 had not seen till 1884, when I was in- 

structed to CN amine, for tho Geological Survey, the rieistocone 
deposits of Sussex between tho escarpment of the South Downs 
and the sea. 

Coining from eight years* w^ork in strongly glaciated districts, 1 
was at once struck by the ajipearance of the Ele])haiit-bed — or, as it 
is called in the district, tho “ Coombe Bock.” it is a very different 
deposit from anylliing commonly seen in the Yorkshire or Lincoln- 
shire Wolds, and ditferent, though not so markedly different, from 
anything found in Norfolk. 

This oeciirrenco in a non-ghiciated district of a tvi>e of gravel 
unlike anything of ordinary occurrence in glaciatid districts of 
similar configuration urous('d my interest. AfttT two years’ study 
of the beds in the field, 1 ventur<‘ to bring forwaid my views as to 
the mode of formation of Coombe Uock and as to tho origin of dry 
Chalk Valleys — two subjects intimately e.oiinocted. 

The contigurjition of the surface beneath the drift on the sea'ward 
side of the South Downs is identic -d with that fbimd in f.|ie Chalk 
districts of Yorkshin^ and Lincolnshire. In each of these districts 
we have a di]>-sloi»o from the edge of the cscarj)!nent seaw^ard. But 
this slope docs not pass under th(‘ low-lying drift areas ; it ends 
abriij)tly in a elitf, now much degraded, hut still recognizable as a 
sea-clilf both by the marine de])osits hanked against it and by 
its independence of tho line of strike. This cliif is well seen 
at Black Eock, near Brighton, and passes also through Goodwood 
Park, 

The result of this ancicTit marine erosion is, that we have in the 
South Downs a moderate southern slojie from the escarimieiit, then 
a sudden drop at the partially buried cliff, and then a jdaiii 8lo])ing 
very gently seaward. 

It is needless to say more about this period of marine erosion, for 
the structure described is not directly connected with the subject of 
this paper. It is important, however, to realize tho general contour 
of tlie country before the Coombe Eock was deposited, or one cannoL 
understand the distribution of this later gravel. 

Bubse<juent t-o the formation of the ancient sea-cliiF an enormous 
mass of angular Hint and cludk detritus was swept from tlie Downs, 
and spread far and wide in a continuous sheet over the low lands. 

♦ The facts obtained during the work of the Geological Survey are communi- 
cated by permission of the Director General. 

t See Mantell, ‘.Geology of Sussex/ 1822, p. 277. 



VALLEra AWD OF COOSTBE BOCK. 


3G5 


Tliis deposit seldom extends far up the valleys, but it can bo traced 
as much as eight miles south of the old cliff, over a surface of Chalk, 
Eocene, and marine f*leistocene beds. 

The Coombc Hock, tliough of singubirl}’ uniform character 
considering its coarseness, cliangcs as the distance from the Downs 
increases. In tlic Cooinbes, and for tliree or four miles south of the 
Downs, it consists of u mass of unstratified, or obscmely stratified, 
flints, battered, but not ndhal. and imbedd(‘d in a matrix of chalky 
paste and pieces of chalk. Close to the old cliff, as at Brighton, 
largo masses of chalk are found in it, and also, locally, numerous 
greywethers. Tchhles only occur in places where they might bo 
obtained from older beds immediafoly to the north. 

As the distance from the old cliff increases, the Cooinbe Kook 
changes laterally into n deposit known locally as “ shrave.** This 
(•(msist^ f>f angular flints in a loamy matrix, the ]jro]>ortir)n8 being 
such tb.'it the mixture is worthless either for gravel or brick-earth. 
tStill further from the (Hialk, as at Sclsey, tlu' shrav(? (thanges into 
almost clean brick-earth, though it still contains scattered angular 
flints. Tliin ])rick-oartli als(x overlies a considerable portion of the 
Coombc Hock around Brighton and Worthing. 

I'lio fossils of the (V)ombe lioek consist almost entirely of tc'cih of 
Horse and ElejdiaTit, broken, and apparently also dociiycd. before 
they were imbedded. A few Palieolitliic irnphunenfs have also 
occurred. Though careful searcli was in:idi‘ I could not find a 
single molluslv, nor any plunl-rcmains, except two or three pi(‘ces of 
decay(‘d wood. 

It s(!cms (wident, from the peculiar character of tho(’oombe Itock, 
that it was not foriiUKl by agents now at work in th(‘ distrhd:. It 
is not of glacial origin, for none of the stoncjs ar<‘ striated, and the 
few from distaiu sources are .such as we know occur in tin* utuIct- 
lying marine rieistocene dc]n)sif. It i.s not marim^ for it is almost 
unsf ratified, the stones are not rolled, and the marly matrix contains 
no shells, though full of iindissidved chalk. It cannot he a gravel 
foriTU'd by ordinary fluviat.ile. action, for there are no valleys to 
contain the stn'ams. and no river f ramsports .soft chalk-detritus more 
than a short distance, or lays down sheets of graven] of Hiis singularly 
unworn and iinstra titled eh.aracter. 

The enormous sIhm I of Coombe Bock just described hfis <widenfly 
been dc‘ rived from the Downs, and 1 believe tli it a stmly of the 
contours of the Downs giv(‘s us the key to its mode of formation. 

The petailiar rolling outline of our (.%alk Downs, the steep-sided 
valleys winding for miles among the liills, yet never, ev(m in the 
wettest season, containing a drop of water, arc familiar tyj>cs of 
Elnglish scenery. Jbit, perhaj>s because so familiar, it floes not at 
first strike one that these outlines point to conditions which have 
now entirely ])assed away. No streams now fill those u]>hind valleys, 
and where Ktreams do occujiy the bottoms of Cf>omhes, their beds 
fall very gently, so that they do not assume the character of mountain- 
torrents, as any stream in the steeper Ooomhes mmst necessarily do. 
It is impossible, under present conditions, for any stream to exist 
a. eJ. G. S. No. 171. 2 c 
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in these diy vaUeya ; for the Chalk is so porous that the heaviest raia 
sinks in directly, and the most continued rainfall merely causes new 
springs to burst out at some point rather higher up the valley than 


Fig. 1. — Contour-map of a portion of the South Downs between the 
Valley of the Adur and the DeviVs Dylce, (KScale 1 inch to 1 mile.) 
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usual. The upper and st(*cper portion of tlio valky still remains 
porfectly dry, and no running water can be fouud Avliere tlio incline 
of the bottom of the valley exceeds tlie sloj)e of the jdano of satura- 
tion in the clialk. Tliis is well shown in the Downs near Brighton 
(see tig. 1 . 

This difficulty in accounting for the erosion of dry Chalk Vallt^ys 
by running wattu’ has been felt by other geologists, who have tried 
to ovor<Jomo it by an ai)peal to a former submergence and consequent 
rise in the level of the plane of saturation ; or to a forme>r higlier 
level of the plane of saturation before the valleys had been cut to 
their present depth ; or, thirdly, to an enormous increase in the 
rainfall t. 

None of the explanations seem sufficient , though perhaps each of 
these agencies has to some extent assisted in the denudation of the 
lower ])ortiou of the valleys. 

There is no evidence of a submergence while these Coombes were 

* Prof, Prestwich, ProBidoUial Address, 1872, pp. 58-03 ; and Dr. J. Evans, 
Proeidontial Address, 1875, p. 37. 

t A. T.vlor, ‘‘ Action of Denuding Agencies,” Geol. Mag. dec. ii. vol. ii. 
pp. 437-470. See also Prof. Prestwich. “ On a peculiar bod of Angular Drift 
on the Lower-Chalk high Plain between Upton and Chilton,” Quart. Journ. 
Geol. Soc. vol. xxxviii. 
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Fig. 2, — Sections of dr\j Vhalh Coombes in the South Downs* (Scale 4 inehes=l mile.) 
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^bdlig eroded^ Ih faet the descent of Coombes near Bottingaean vo 

0ea4eT6l, a;nd the way that other Coombes plunge beneath the 
tidal marshes of the Adur and Arun, are strongly suggestive of a 
jdight elevation while the erosion was taking place. 

» Prof. Prestwich’s view that the deep trenching of the Downs by 
valleys has gradually lowered the plane of saturation and dried the 
Coombes, is clearly applicable to a large number of the slightly 
inclined Coombes like ihosc through which the two lines of rail 
pass near Brighton. But the whole structure of the country, the 
proximity of tho escarj^ment on the north, of the* old sea-cliff* on the 
south, and of tho deep valleys of tho Wealden rivers, which traverse 
the Downs from north to south, shows clearly that the outlet for 
the water must have been just as free then as now, so far as deep 
trenching could aid it. All those features existed before most of Die 
Coombes were cut or tho Coombe Hock deposited. The greater depth 
to which the 0ooml)e8 have now been cut can bo left out ol account ; 
for dry Chalk valleys play no part in tlu‘ present superficial drainage, 
and it would make little, if any, difference in tlio height of the plane 
of saturation if they wore filled up again. 

The trenching cannot therefore afl(‘ct the stec])er Coomhes, whore 
tho water-level is hundreds of feet below the burface and the incline 
very groat. ^Jbo slojio of tho plane of saturation in (’li.ilk never 
exceeds, if it roaches, 00 feet in a mile ; hero o are dealing with 
slopes seldom Jess than 100 feet, and in several instances i caching 
500 feet in the mile. To illustrate this, I have dra>\ ri on a true scale 
sections of the three Coombes in the South Downs, which are most 
generally visited (fig. 2). 

No change could cause springs to br<»ak out in the upjior portion 
of these v.illejb, unless it were a deep submergence of tlie whole of 
the adjoining low lands. If such upland s]>rings had formerly ex- 
isted, their buecessive failure through the gradual lowering of the 
plane of saturation W’ouid necess,trily have lett evidence in extensive 
deposit bot rolled grax'cl. Winding fenaies would also border the 
Cooinhe^ at various heights, like the tt‘rra^‘es round tlie Scottish or 
Norwegian fiords. I'lu* low lands ought also to jiold abundant evi- 
donce of a submergence of 1(K> fathoms, whether under sea or 
fresh water. 

Nothing of the sort occurs, and one of the most striking charac- 
teristics of these dry Chalk vallexs is the almost entire absence in 
thorn of graxel and the absence also of definite terraces. If terraces 
formerly e\iste»l the> ought shll to be found ; for when once loft 
dry they xvould be out of reach of running water, and might be 
preserved for an indefinite time. 

There is another difficulty x\hioh prevents us from accepting either 
of the alKwe-mentioned theoiicb. Is^airly all the valleys traverse 
the whole breadth of the Downs, and then end abruptly just before 
the escarpment is reached. If these valleys had been graduaDy cut 
back by springs, many of them ought to fall northward to the 
escarpment, wdicre most of the large springs are found ; but nearly 
all the Chalk Coombes follow the general slope of the ground and 
>pon to tho south. 
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Of the effects of the hypothetic^ Plavial Period I have 
nowhere hoeri able to find any trace in the Coombe Kook. One 
would expect such a period to be characfcerissed by a prolific aquatic 
fauna and fiora. But instead of this, nearly all the Pleistocene 
freshwater deposits I have been able to examine show a remarka- 
ble paucity of purely aquatic forms and a considerable development 
of amphibious species, sucli as can survive for a long time buried 
in mud. 

Again, a .Pluvial Period would enormously swell the rivers, 
which would cut deeper and wider channels, traiis})ort more gravel, 
and wear tlie stones more. Though we find abuiidance of deep 
channeLs cut through the Downs, tlu^ most marked })eculiarities of 
the Coombe Dock are that it spreads mainly in broad nearly level 
sheets, has boon almost entirely swept out of the valhsys, and is yet 
very little 'svorn. 

The ])oat-dcposits, such as a I’liivial Period onglit also to have 
left abundantly interl)edded in its alluvia, are entirely absent from 
the Coombe Ko<k. It has been a great di.sa}>])oiiitm('nt to mo to bo 
unable to obtain any ])] ant-remains except a few piece’s of decayed 
pine-wood, possilfiy derived from an olden- deposit. 

From what has just been poiuh.’d out, it scenus that none of tluj 
theories usually n(!C(’])te(l is sufiicicmt to account both for Uu’ origin 
of the CoombcK and for the transj)ori. of Die Coombe Book. 

Coombes are not forming now — in fact, many an’, so sieep aiid 
narrow that- they are gradually tilling u]) from the eljalk and Hint 
rubbl(‘ wijic.li rolls down the slo])(;s, dislodgc-d by tlie shc’c]). (loombe 
Hock also is not now being funned. Tlai gravc'Ls of tlu’ liavfUit and 
otlicr chalk -streams are of a. totally difierent character, and tlie 
rainwash and talus now accumulating at the foot of stia.'p sloj)eR are 
also ditferent. 

As no denuding agent now at work in the R«)ut]i of .England 
seems suificieiitly (‘lurgetic to account for the transpoi't of tliis mass 
of rubble, find similar deposits arc not well rej)rcocnlc(I in glaciated 
districts, it was at first very difficult to explain its origin. 

However, wo know from the evidence of fossils that during some 
part of the Pleistocene Period a thoroughly Arctic fauna and fiora 
lived in tlic south of England. At Fish<‘rtoiJ, near Salisbury, in 
beds that sc-em to corn^spond with tlie bi'ick-iairt lis associaiiHl with 
the Coombe Rock, we find man y siiecies of high northern niaminals^. 
At Bovey Tracey, associated with the “ Head (a deposit very like 
Coomlie Kock), tlie Arctic birch, liearherry, and some northern 
willows occur. In Central France the Reindeer is abundant. 

Judging from the northern charactcT of the fauna and flora, the 
mean temperatun? of North-western Europe at tliis period cannot 
have been less than 20 ' lower than it is now, jirobably it was 
about 30*^ lower. This would give a mean temperature in the 
south of England very considerablj^ lielow the freezing-point ; con- 
sequently all rocks not protected by snow would bo permanently 
frozen to a depth of several hundred feet. 

* Stevens, ' Flint Chips,’ pp. 12-30. 
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This would modify the entire system of drainage of the country 
in a way that I do not think has been realized. All rocks would 
be equally and entirely impervious to water, and all springs would 
fail. While these conditions lasted, any rain falling in the summer 
would be unable to penetrate more than a few inches. Instead of 
sinking into the Chalk, or other pcr\dou8 rock, and being slowly given 
out in springs, the whole rainfall would immodiatt^ly run off any 
steep slopes like those of the Downs, and form violent and transi- 
tory mountain-torrents. These would tear uj) a layer of rubble 
previously lonscmed by the frost and unprotected by vegetation. 
The material ciirried away would not have the Chalk washed or 
dissolved out, for a single flood of this description could have little 
solvent power, and much of the Chalk might not be thoroughly 
thawed*. 

Each of these floods would have an enormous scouring and trans- 
poiting power ; for the full in the valleys is very great. It is 
noticeable ihat no Coornbe R-ock is found in valleys that have a 
greater slope than 100 feet in the mile, and that the main mass is 
deposited south of the Downs, where the slope is much less. Pro- 
bably the further transport across the low lands of iho unworn flints 
Bcatlercd through the brick-earth was greatly assisted by “ anchor 
ice.” 

On the flat lands any small channels formed by one summer’s 
floods would ho filled with ice and frozen gravtd next winter, so 
that subsequent floods would have to cut fresh cihaniu^ls over the 
plain. This would lead to the formation of flat subaerial deltas, which 
advanced seaward and became confluent over the whole plain 
between iho old cliff and the sea. Chichester stands on one of 
these old deltas, which consists of chalky (kxmibo Rock for 41 miles 
from the Downs and slopes about RO feet in a mile ; the loamy 
southward contimiatiou is, of course, very much flatter. 

The constant excavation of new channels, while these conditions 
lasted, is probably the cause also of much of the aj>pareiitly un- 
systematic grooving so commonly found in rocks underlying gravels 
of this tyjH'; a frozen gravel is just as liard as, or probably harder 
than, frozen chalk. 

This, I believe, was the origin of our steep-sided Coombes and 
of the Coomho Hook. There is no need of any oxcessivo rainfall : 
in fact the ap])arent deficiency of snow during this cold period, com- 
bined with the remarkably Arctic character of tlie fauna of 
Fishert/on, makes it probable that it was a period of drought, perhaps 
equivalent to the Loss period in Central Eiiroj)C, 

A recognition that physical conditions of this peculiar type hold 
in non-glaciated parts of England during the glaciation of other 
parts seems necessary to a more perfect understanding of the origin 
of our Pleistocene deposits. In the Arctic regions, beyond the 

* The ert^sive power of rain falling on porous beds before tliey are thawed 
has been incidentally alluded to by several writers ; but apparently this per- 
manent freezing of the rooks and consequent stoppage of all underground 
circulation in the south of England has not been taken into account. 
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limit of the ice, such a frozen belt is always found. It may be 
observed, however, that the frozen lands of Siberia and North 
America arc either lowlying or have been much glaciated. Con- 
tinued glaciation and denudation have destroyed most of the bolder 
features ; we therefore do not commonly find steep hills of soft 
rocks, like those that were so rajndly denuded in England. 

Ill the south of England denudation during the eoutinuation of 
these conditions seems to have been enormous and ext reraoly rapid. 
If the time had not boon short, all soft rocks would soon have boon 
])laneddown to one gently undulating surface, like the jdains of 
Kussia and jSiberia. 

It is not lierc necessary to try to correlate the (Vx)mbo Itock with 
any particular (ilacial deposit of other parts of England. All that 
1 have .attempted to show in this ]).aper is, that a- certain ti/pc of 
denudation must nec(‘ssarily have acted in the frozen lands, bare of 
snow, during some ]>art of the rieistoccne Period. Tundra-conditions 
maj^ have recurred several times. Probably some of the so-called 
“ Interglacial Deposits ’’ of the north merely show a deficient snow- 
fall and consc'queiit eliange to these conditions. An aidiial timdior- 
ation of the climate need not have taken ])lace. However, the 
further consideration of these points must remain for future work. 

Discussion. 

Tlie pKiosini'NT o])sorve(l tlud whatever differerua^ ot‘ opinion 
there iniglit be as to the su]>j(5ct of the origin of dry valkiys in the 
Chalk, it was one which would always excite the interest of those 
who lived amongst them. 

Prof. Sf-klky staled that Canon fJov(T had long studied the dry 
valleys of this ])ait of tlu* Soutli Downs, and liad come to the con- 
clusioji that in tlieir u])])er portions they were excavated by glficitil 
ice, and in their lower parts l)y the action of running water. Last 
Easier Ik* went over the evid<*nee with Canon (loeor and (^K.amiiicd 
in detail the Findon v.alley and adjacent distriet^s ; hut he failed to 
find any proof that ice had ])lay(ul an im]H)rtaiit part in relation to 
tlieir foi mation. On the contrarv, .all the facts secuned to show that 
these valleys were in the main the work of tlui sea, during a time 
of coin]>anitive]y ra])id cliange of level of the Land. Tlio valleys run 
up inland from the inhuid clitt* of chalk, as tlicy might ho expected 
to do if they were formed by erosion along lines of jointing. It 
was manih'st that the valleys had formerly been filled with u not 
inconsiderable volume of water ; and high up, at vari(jus levels, 
the hills were sometimes capped with a brown (day full of broken 
flints. He believed that this accumulation had been swept into its 
present position by tidal waters during the time when the land was 
being submerged and the waters were working u}) the valleys. At 
a much lower level, just before the valley widens out, there are 
deposits of rolled flints two or three feet thick, which creep up the 
islopes, and differ as much from gravel as the deposits on the hills 
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differ from Boulder-clay ; though he thought the two deposits might 
be connected in much the same way as gravels in the Eastern 
Counties were the residue of Boulder-clay left after tidal waters 
hod washed the clay aAvay. The clay had ))een swept out of the 
Eindon valley. He believed f he etitranc(^ to sucli a valley was wide 
in proportion to the duration of iriariiic action upon it, and that 
although othiu' agencies may have since softejjed its features, there 
was no ground for appealing to tlioin to accounti for its origin. 

Mr. Evans aaus grateful for any new th(?ory olTeriiig an explana- 
tion of the Elepliant-bed. He agreed as to the possilnlity of the 
frozen condition of tlu^ ground, but Avas not prepared to go the 
whole length of tlie Aiillior. He dissented from llie views of Trof. 
Seeley. The (pa st ion of llio Ele]>h{Uil-l)ed was distinct from that of 
th(5 formation of Coom'ixis. Its age Avas undouhtedly .sul)se(}uent to 
the elevation of the old submerged cliti*. He eousidered that Avitli 
a certain amount ot‘ submergence, streams of water would lun in 
the now dry valleys. Acconling to the Autlior's hyj)otli(‘sis, the 
morci im])ervious the condition of tlio Chalk the more* rairid Avould be 
the process of excavation. This ho avjuh ])r('pared to ac.ce])t ; but a 
greater rainfall would have inueli tlio same (‘ffec-fc as frost. If the 
Chalk bills were saturated Avith Avat(‘r, the conditions Avoiilcl, as he 
had elsewhere shown, be veiy nearly the same as if the rock Avere 
frozen. Even a double rainfall might in some ('lialk districts ])rD- 
duco saturation nearly to tlie surijUMa 

lie strongly obJt'Cti'd to Prof. S«.'(*h‘y’s ideas res])ocliug the dejfosifc 
on the hill tops: it: was more prohjible that tlu' heiglitsof tlu' S<ujni 
Downs Avoro cn])ped hy a ehemical de]>osit, Avhich Avas the residuum 
of the chalk already removed l>y solution. 

He again expressed an oj)iiiioii Unit ^kfr. Bdd’s theory was well 
worthy of coiisidiu’ation. 

Dr. (*uiKii-: had {iccom])anied th<‘ Author over the ground and 
considered him to be on tlie right track. th out doubt the A'alliys 
wore the result of siibaerial denudation, and he was astonislu'd at 
what had fallen from Prof. Seeley. Tlie valleys Avere doubtless 
outlined before the (-balk Avas exposed at the surface, and their sub- 
seijnent erosion in the (d:alk had bi'en idfected by solution and 
moehanical abrasion under conditions which have iioav di8ap])eared. 

Dr. Hicks observed that Hr. Hoid s])oke of great cold, th(?rofore 
the period he was describing must have been the climax of the lee 
Age. The animals found in the Pleistocene deposits referred to Avore 
simply driven from their northern homo liy the advance of the ice. 
Man would follow the animals on AAiiich ho lived: therefore the 
implements obtained from these dojiosits belonged, proliably, to 
the northern man, Avbo must he considered as of preglacial age. 

Mr. Toplea", after alluding to the breadth of the discussion, bore 
testimony to the value of tlie Author's hypothesis. It was not a 
new idea that the Coombe Hock represented the glacial deposits of 
the north of England ; but the really new point in the paper Avas the 
notion of the ground south of the area under ordinary glacial condi- 
tions having been solidty frozen ; and if the whole country wero 
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thus frozen, the action of running water would he to excavate in the 
manner claimed for it. He then proceeded to institute a com- 
parison between the conditions obtaining in the North and South 
Downs respect! vcJy, and stated that the absence of any deposit 
representing the Ooombo Hock in the north, and also the fact that 
dry valleys existed througlioiit the Chalk area in Central France, 
were ditficulties in the way of accepting the Author^s conclusions. 
He gave some reasons for believing that the South Downs represent 
a Iat(jr stage of deniidatioii than do the Nortli Downs. 

Mr. l^KAcii thought that th(^ theory advanced hy tlie Author 
accounted for the plienomena of the dry Chalk valleys ; hut in order 
to make the? Clialk impervious to surface-watiu’, it was not n(*ce8sary 
to have it frozen to the depth of several liuudred feet.. Thc^ Barne 
result would be brought about hy the freezijig of the ground for a 
few feet, below the surface. Tho Coomhe Hock was evidently con- 
nected with the excavation ol* these valhws. The jtresenet* in it of 
numerous fragments of clmJk and flints not rounded seemed to 
indicate that its materials were laid down bystreatus Hooded during 
the Bummer staisons and much redticod in size or frozen during tho 
winters. The thawing of the surface during the summer would 
set free angular fragments of (*halk split by the previous winter’s 
frost, and iho materials thins let loose would bi' s\ve])t down tlie 
valleys <5ver tho still frozen substratum, lu this resj>(‘ci the Coombo 
Hock dillors nuiloritilly from the alluvial graveds of the existing 
streams in that region, which cumtaiii abundant rounded Mint 
pebbles and few or no chfilk fragments, the latter ]>tving disiulegratod 
or dissolved lioforii they ha,V(‘ travelled any distance. The decayed 
character of the bones found in the (k>om)>e Hock was in maiked 
contrast to the fresh state of the chalk fragnumts, and seemed to 
indicate that tln^y Imd been exposed to the weather jirior to the 
formatiou of that rode. 

Dr. 11.1X1)10 observed that in Canada, where the ground is solidly 
frozen to a certain deptli each winter, a greater amount of denuda- 
tion is effected in 21 hours, at the sudden hreak-uj) of the frost in 
spring, than takes place during tho whole of the rest of tho year. 

The Aunroii, in rejily, said that tlie valleys no doubt had been 
largely outlined before the ]K;riod dealt with in his jiaper, some of 
them might bo tlie continuation of old Weald valleys. The former 
existence of an overlying clay deposit had something to do with the 
original outlines. As evidence of the submergence spoken of by Mr. 
Evans, he instanced the marine beach at (ioodwood, 130 feet aliove 
the sea. 8uch submergence occurred before the deposit of Coombe 
Hock ; it might aid in the excavation of the lower valleys. As 
regards rainfall, tho fauna is Arctic, and there should be snow 
rather than rain, yet we have no evidence of true glacial action. 
No attempt had been made at correlation with the deposits in the 
north. In this district the old Tertiary deposits had gone, but it 
was otherwise in the North Downs. 
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S8. The Fbtkicuj:, Ukiobt of the Basshot B:b])b of the Loksob Babik. 
Ij tile Bev. A. lEviwe, B.Sc., B.A., F.6,S. (Bead January 26, 
887.) 

[Abridged.] 

Inteoduction. 

To the statement of my views on this subject in the Quarterly Journal 
of the Society (vol. xli. pp. 492, 507, 508) I adhere iu its main 
outlines, notwithstanding? the adverse criticisms upon it which have 
appeared since in the Quart. Journ. Gcol. Soc. vol. xlii. (pp. 402- 
410). Certainly 1 felt that, from insufficiency of data, some of the 
correlations were tentative and open to such corrections as further 
investigation or criticism might show to bo necessary. There can, 
however, be but little doubt that the method which proee('d8 by 
attempting to definite! v correlate bj^ stratigrax)hical evidence tlie strata 
Been in the sections on the flanks of the Itagshot district wdth those of 
the interior of the main mass involves f(‘wer assumptions than such 
an attempt as has b('on made by later authors (Q. J. (if. S. loc, nt,) to 
determine the horizons of those' Tuarginal strata by a comj>ririson of 
them with one another. Underlying the latter ])roces8 there is the 
assumption that mere contiguity or ]>roximity to the IaOiuIou Clay is 
evidence of J owev llagshot horizons ; but this involves manifestly 
^ 2 Htitio principii.' 

J consider that, the case must rest mainly on f]w j)hpsh'<tl evidence, 
and that, if no instance remained of a foriiK'v overlap of lower 
by liiglier beds, the case would not lx* disi)rovt‘d, so long as the 
Btratigraphieal evidence was not contradivtitru ; and the failure to 
show any overlaj>])ing at the jiresent tinn* could ho explained hy the 
fiubsequent denudati(»n of the eountry, the main lim*s of which have 
been, as is well know n, deteruiined far more by the dist rilmtion of the 
plateau-gravels of (Quaternary or earlit'r times tlian by the strati- 
graphical structure of the district. Tf later authors, therefore, had 
disproved the oxistciico of overlap, they would hut have disposed of 
the corollary to the i)robl(*m, and the^^ would still be confronted by 
the physical evidoiiee. As regards the jiahcontological evidence, it 
is only right to remark tliat the very small jiercentage of the sections 
in the Upper Bagsbot in which fossils have been found, together 
with the very imperfect state of tlieir preservation (mere irony casts), 
suggests the possibility that the fossiliferous localities may owe that 
character to the mere accident of the presence of a little more 
binding material. Anyhow% the e^udence on the affirmative side is 
too feeble to justify us, on the strength of its mere negation, in re- 
jecting strata from the higher beds merelj’ on account of absence of 
fossils, if physical and stratigrnphical evidence justifies their assign- 
ment to such horizons. The fact that “ the best-preserved specimens 
are high up in the scries” (Q. J. G. S. vol. xlii. p. 415) maybe accepted 
as a fact strongly corroborative of my view as to the marine-estuarine 



origin of the Fpper Sands^ showing a gradual advance towards fuller 
marine conditions in those strata. So witih the so-called “ Middle 
Bagshot*^ group, localities may occur (e, g. Ascot ^ and Yateleyt) 
where marine fossils are plentiful and, in some cases, in such a state 
of preservation as to show that they are found in their original 
habitat (probably the still waters of lagoons kept saline by percola- 
tion or by occasional inroads of the sea) ; yet there is nothing like 
such a general prevalence of them as would justify us in assigning 
a marine origin to the Middle Group taken as a whole. The most 
successful collector of fossils from the beds of this group has informed 
me that they are most numerous in certain thin whitish bauds in 
the green earths — a fact which reminds one forcibly of the way in 
which marine fossils occur in thin bands in the Coal-measures t» 
which no one would think of calling on that account a “ marine 
scries.’’ Again, in other Eocene deltas, e, g, in that of the upper 
lignitiferous series of the Soissonnais § and in many modern deltas |!, 
similar facts are so frequently met with as to bo quite common-place 
in physical geography, as is also the fact of the gradual subsidence 
of estuarine areas 11 . So far from there being anything “ unusual ” 
(Quart. Journ. Geol. Soc.vol. xlii. p. 410) in this, a moderate acqiniint- 
unce with continental Eocene geology shows that it was but one of 
many incidents of a similar nature, producing frequent interstratifi- 
catioiis of marine, brackish, and freshwater deposits, which charac- 
terized Tertiary times over a large part of the Euro])can area W o 

are also confronted with the fact that in the Bagshot scries of the 
London area there is an absence of any such record of perfect marine 
conditions as is preserved in the contemporary (/.alcairo grossier, and 
in the yet more massive Eocene limestones of the Bavarian Alps. 

Mr. Etheridge informs me that the London Clay of the Metro- 
politan area yields no less than out of the ^ Eoraminifera 
know'll in the London Ola}' up to the present time, yet none of 
these j)ass up into the beds above. Wo must note, too, the absence 
from the London Bagshots of the important classes, Avtimzoa^ 
Echinodenmda^ CviiHacea^ and Bracltiopoda (represented in the 
London Clay by iiO genera and 5b species), and the entire absence 
ill the Lowa^r Bagshot of the 35 genera, including 110 species, of 
Lamdlihranchiata known in the London Clay, and occurring for 
the most part in that formation in tho London Basin tt» while only 
0 genera and species of this class reappear in the Middle Group 
These facts seem to point to such a break in the succession of 

^ Quart. Joum. Geol. Soc. vol. xxxix. p. 349. t Ihid. vol. xli. p. 500. 

t C/. Green, ‘ Nature,' January Oth, 1^7. 

§ Meunier, ‘ Les Causes Actuelles ic.,’ pp. 2^>9 et seq. 

({ Lyell, ‘ Principles of Geology,’ chapters xvii., xviii. 

1l Green, ‘Physical Geology,' pp. 292^“ti94. 

Credner, * Element© der Geologic ’ (3rd ed.), pp. 003, 004 ; Zittel, * Aus der 
.Unseit,’ pp. 419 et seq. It follows from this that we must be prepared to find 
overlap in {places. {Cf, Geol. Mag. dec. iii. rol. iv. p. 109.) 

tt Etheridge, ‘ Stratigraphieal Geology and Palajontology,’ pp. 611-614. 

H Memoirs of the Geologi»!al Survey, vol. iv. p. 600. In Quart. Joum. GeoL 
Boo. vol. xxxix. p. 349, two additional species are mentioned. 
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life-forms as could scarcely happen without some unconformity in 
the strata. 

It is scarcely necessary to refute an objection to my view on 
the ground of the eonsidorahlc interval of time required (Quart. 
Journ. Oeol. Soc. vol. xlii. p. 410), an objectioji, which, in bringing us 
down to the IMiocene, soems to be based on a forgetfulness of the 
01igoc<Mie and Mioc(;ne, and of the groat sj>ace in time represented 
by the conteni[)f>rary Niiiuinulitic formation and ])y the subsequent 
elevation of some of the loiliest mouiitain-rang(‘s on tla? glo])e. 

The peculiarity of the ground-plan “ referred to is a misconception 
arising frotn inattention to altitudes. Tin? noilheru side of the 
district, vvdjicli I have worked more in detail, is found to come out 
very well on the horizontal ground-plan, as I tliiiik will be s(‘en when 
it is resurveyed. 


Ri'ivrnw of tui: Physioa!. KvimcNCK. 

1 . 7V/>/>//‘s. — 'fbe irderence drawn in my last pa])er ( vol. xli. ]>. 4b0) 
was not iiiUaided to imjdy an abs<*m*o of pe]»bl(,*s in th(‘ whole Lower 
Bagsbot ; and I tail to perceive how an inference from a circum- 
Bcribed range of data cun logically bear such a general intei pretation 
as has bt‘en inqjosed u])ou it. To the three' well-sect ioj)s llu're cited 
may now la* added those at Hro(»kwoo(l vtieol. Mag., August LSiSd), 
Chobham Place, Hagsliol, DogimTsiuhl Park, and Claninont (Mem. 
Geol. Survey, vol. iv. aj>]>. ), 'idunpe and llatchi'old (la'cmitly pn])lisbed 
by Tdr. W'bit.akcr ‘ I'lue. ('.roydon Micr. and Xal, [list, ('lul),* L'^Sti, 
pp. hd, (><>). Neitlu''- in these nor in the j‘\.tensivc (‘xposun's ot the 
Lower llagshot on tlu' South-west ein main line is there a record of 
them. There is sfum' doubt wlieiln'i* the few peTd))es " met with 
in the Ascot ^ were not ]>yritous nodules. All tliis does not 
of course ju'eec a tjoural neyatlvt., though it increases the necessity 
for caution. 

The alh'ged case recently cited f , with somi' (‘m])hasis, of the occur- 
rence of ])ebblt‘-heds in tin* Lower liagshot at St. Anne’s RillAUiertsey, 
breaks down on inv(‘stigation, 'J'Ju* hill is mere ly an old river-valley 
escarjunent of the Thames, whidi has undergone the itsual process 
of W'Cathering, witli degradation of the higher beds, the (IchrL^ 
of wdiich is now strewn on its Hanks, ji.arlly in the form of talus, as 
may ho well seen in the large* ]>il on tlie north-east liank of the hill, 
where till* jjobbles occur roughly inlerstratitied wdth green earthy sand 
and rotten purplish clay, the crude stratification b(‘ing just what one 
is acciistonu'd to in st'ctions of taliis-lieaps. In places, as at the to]) 
of the larger pit, small landslips are detected. The road-section up 
the fiank of the hill shows nothing hut such a confused mixture of 
cUhria (in this case, sand, clay, and pebbles) as may be generally 
observed in similar instances. The conglomeratic masses are agglu- 
tinated portions of the pebble-bed which have fallen from above. 

* Ppoo. Geol. Asyot^. toL ix. p. 417. 

t Quart, Journ. Geol. Soc. vol. xlii. p. 404. 
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The pebble-bed is probably seen in situ in a cutting made for a 
footpath leading to the top of the hill, and above this there appt^ars 
to be a capping of sand, proved to be 16 ft. in depth on tho crest of 
the bill, and which may be the basal beds of the Upper Bagshot. 
In the smaller and disused pit some of tho Lower sands are well 
shown, having been laid bare by the removal of the pebbly debris 
which had accumulated at the base of the old escarpment The 
few ]>atches of pebbles Avliich remain have been formed by tlie simple 
lodgement of pebbles on a sort of ledge formed by rain-water action 
owing to the unetpial tenacity of the beds ; and tlicw can bo seen 
to be continuous with the pebbly siirfae»‘-eoveriiig of the hill-ilank 
by lines of pebbles standing on end in the sand, just as they would 
appear to liave lodged in an ancient rain-water gully. In removing 
one of the smaller j)atches and a part of tlie principal one, to make 
sure that they did not run info, find become iiicorporaf<Hl with, the 
stratified beds, I obtaiuecl out of tlie miildle of the largest jiatdi, 
in till', pri'senci^ of Ji. (1. Leigh iiouneft, Ksq., fJie pvojiriidor, and 
AV. II. lludJeston, Esq., E.H.S., jui angular and discoloured flint 
and a rolled fragment of chert, both of which are very characteristic 
of tho later jilateau-gravels of the district. On the strength of tho 
above evidence, it iiuiy be confidently assertial that ihi'n* * * § is m) trace 
of pebble-beds of Lower- Bagsbot ago f in the sections referred to 
or of “ the existence of a pebble-bed in the Lower Bagsbol of 8t. 
Anne's Hill "J. 

Kow, when it is recollected that this was the only case of apiBhle- 
bed in the Lower Bagsliot wliich could be adduced by two diligent 
observers, wo may well bescejitical as to the exist (*iice of such bods, 
though oecnsioiial liiH‘s and layi-rs of ])chbles do occur. This being 
so, and the Essex Bagsbot pebble-beds being of doubtful horizon §, 
we cannot allosv the judihle-beds at- Barkliam, Kasthainpstinid, and 
Bracknell to he claimed for the Lower (Iroiip on account of their prox- 
imity to the London Clay. Indeed their presence is eeidnice rather 
aejainsi than for sack a horizon, for the lines and layers of pebbles 
met with here and there might have boim furnisluid liy the contem- 
poraneous denudation of the London Clay itself; and no greater 
importance attaches to these, to my mind, than to occasional layers 
of Buntcr pebbles in the lower sandstones of the Kouper. Tlioir 
occasional presence seems to indicate inequality in the transporting 
power of the currents, as we should exi)ect in a fiuviatile series of 
beds, and this is perhaps all that they do indicate. 

2. Fahe-beddinr /. — By “ false-bedding ” I understand any marked 
departure in the stratification from a general ])arallolism of the 

* 111 three surveys of the liill, I have observed nolliing whicli requires the 

notion of a fault to explain it (see Mem. (3col. Survey, voL iv. p. 

Quart.* Journ. Geol. Soc. vol. xlii. p. 404. \ Ibid. p. 417. 

§ In quoting these in the discussnin of this paper, Mr. Whitaker appears to 
have forgotten that he had hiinself suggested (‘ Guide to the Geology of London/ 
p. 52) that the Essex pebble-beds may belong to the Middle Group, a sugges- 
tion with which I should entirely concur from their association with beds of 
the lithological character of that division (Mem. Geol. Survey, vol. iv. pp. ;J20- 
328). 
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'bedding-planes, of which oblique lamination ” is a minor feature, 
Hiat this is not a necessary indication of Lower-Bagshot horizons 
is seen from the simple fact that it is very commonly observed in sec- 
tions of more coarsely arenaceous beds of the Middle division, and 
serves as one general character wherewith to link the two together, 
as on the whole representing a continuance of similar physical con- 
ditions, while it helps to differentiate them from the Upper Bands, 
in which the bedding is for the most part very indistinct. 

3. Pipe-clay , — This no(Hl not owe its origin in these beds directly 
to the well-known process of kaolinization of folspathic minerals ; 
it seems to me more likely that it owes its existence in them to the 
deeomi>osiiion of the chalk and the leaching out of the iron by the 
action of peaty acids, liecent experimental study of this question 
has tended to confirm this view, so that I am inclined to regard the 
prevalence of pijK)-clay as a ])ossih]o indication of Cfontemporaneous 
Bubaerial denudation of ihe Chalk, and of its elevation, therefore, 
above the sea, within the cf it ch men t-basin whoso waters were drained 
into this Bagshot area. JUit this applies to tho Middle as well as 
to the Lower group ; in fact, tlien^ aro greater accumnlaiions of 
this mineral in tlu^ former tlian in the latter This being so, wo 
cannot admit the pi*e.sencc of pipe-clay seams as conclusive evidence 
of a Lower-Bngshot Ijorizon t. Further, thin layers of colourless 
clay arc occasionally met w ith in sections of tho Upper group in tho 
interior of the district, as well as in some of the more sandy portions 
of some of tho ])latcau-gravels. 

4. Derived Maieriah . — Tho possible occurrence of such from tho 
older Tertiaric's in ilio Middle group at Brookwood J has been 
already indicated, and l*rof. llupert Jones has suggested tho ajipoar- 
ance of derived niassos of clay in beds of the same group §. 

5. Irony (^ourn/ionfi . — These arc at least as abundant in tho 
beds of tho Middle division us in those of the Lower. They occur 
in tho uppermost hed of the former frequently enough. They often 
retain imj>rossions of veget aide structures, or thoj' form rough lioUow 
tubes, just as recent bog-iron-ore often does. Some caution is 
needed in interpreting an apparent annular structure as a “ sign of 
wood,^' since, as Both has pointed out ; , this structure is often due 
to the rolling in a dry season by the wind, and subsequent burial, 
of partly dried and curled-up ])orlions of the carbonaceous and 
ferruginous mud which is found at tlie bottom of stagnant pools of 
w ater, I have in niy possession specimens of ferruginous concretions 
from a high horizon in tho Middle division, w hich retain impressions 
of vegetable structure, suggestive of such marsh-loving monocotyle- 
don ous plants as belong to the orders Cyperacece, P'ypdiaceee, Sire., 

* Cf, the Brookwood Wcll-Section (Geul. Mag. doc. iii. rol. iii. p. 355); the 
Well-section at Wellington Colh’go (Quart. Jouni. Geol. Soc. toI. xli. p. 494) ; 
also the instance mentioned in the Survey Memoir on the London Basin (vol. iv. 
p. 333) near Worplcsdon. 

t See Quart. Journ. Geol. Soc. vol, xlii. p. 411. 

t Geol. Mag. loc. ciL 

I So© Proo. Geol. Assoc, vol. vi. p. 433 (footnote). 

I 'AUegemeine und ohemisobe Geologic, p. 597. 
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and many of the smaller concretions are undistinguiahable from the 
bog-iron-ore obtained from the Canadian and Swedish lakes. More- 
over they are often found on analysis to contain a basic crenate of 
iron. Fragments of lignite are, in my experience, not nncommon 
both in the Middle and Lower beds, the process by which iron is 
carried down in solution by peaty acids and deposited mainly as 
hydrated ferric oxide (bog-iron-ore) is well known This is, no 
doubt, the true explanation of the agglutfnation by ferric oxide of 
the gritty sands and conglomerates of the jdateau-gravcls known 
locally as ‘ j)an ’ or ‘ rust.’ It may still be witnessed in most of the 
streams of the peaty waters of the present Ihigshot country. Many 
of the more sandy nodules were first agglutinated by iron-pyritgs, 
since such are common in their original state and may be observed 
in all stages of oxidation. Sometimes they contain pure ‘silver sand * 
in the interior. 

6, Besiilts of Clunnical Analysis. — These have been already in 
part published t, so far as regards combined carbon. Those results 
have been confirmed by several scores of analyses since made of 
samples of these carbonaceous beds and of the waters they yield 
Independent confirmatory evidence has also ai)])eared §. Itecently 
I have made about 2^ combustion-analyses |i, iu order to get out Iho 
percentages of elcmenianj carbon. These ])ercenlagcs range from 
0*Ifl2 up to I'OoO, the highest being givc'ii }>y the very dark green 
earthy sands of the Middle Bagsliot. On the other hand, an average 
sam])lefrom the basal beds of the Upper Bagshot, in this neighbour- 
hood gave only 0*17 per cent. The sami)les analyzed came from dif- 
ferent parts of the district, tlic majority of them from well-sections. 
Elutriatioii of some of the gretjn eart hs removes nearly the whole of 
the green colouring-matter, the fine amorjjhous earthy matter acting 
apparently as a ‘ mordant,’ and leavt's l)ehind white fjuartz-sand 
mingled with some black and olive-gr(;cn grains. This probably 
partly explains the tenacity of colour of some, of these green earths ; 
yet chemistry teaclies us that they 'innsi^ and ohservatimi show's us 
that they ^/o, lose their colour by oxidation. 81 ow^ oxidation is only 
a less intense phase of the process of combust ion in oxygen ; and 
the burnt residues of th{!8e green earths artj so comjih^tely discoloured 
as to be iindistinguishablo from those of the brown sands and clays ; 

* See Ttoili, lor. cit. pp. .508 (worih the attention (»f those wlio are 
BCeptifiil ns to tbe existeiiw of the IJurHKsaiiorr) : Orodiicr, JCl. dcr GtK>l. b‘3rd «d.) 
p. 1^.55 ; JnlifTi, “On the Geological Action of tlie II uni us Acids,’’ Proc. Am. 
Assoc. Sci. (1870)*, also the authors papers in the Geol. Aiag. January 1885, 
and elsewhere. 

t Gcol. Mag. dec. ii. vol. x. (1883). 

I See remarks by the author in Proc. Inst. Civil Engineers, vol. Ixxxv. 
41885-8C). 

§ See (1) Quart. Joiim. Geol. Soc. vol. xlii. p. 182; (2) Sanitary Record, 
June 188(>. I^ecture by W. Eassie, Eecp, O.E., F.G.S. A rejJy to Mr. Blyth’s 
criticisms of that lecture will be found in the foUtm ing (J uly) number of the same 
periodical. 

I Made by combustion in a stream of purified and dried oxygen. The 
accuracy of the method was tested by analysis of a specimen of graphite from 
Borrowdale, 
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wMle evOE the darkest green earths (e, g. at St. Anne's Hill) may 
he observed coloured in places of a bright orange-red by slow 
oisidation. It is trivial to argue from the small amount of colour- 
change observed in some instances {e, g, at Goldsworthy, Q. J. G. S, 
voT. xlii. p. 415) to a negation of such change during the ages for 
which some of these beds may have been exposed near the surface. 
Moreover, it requires a comparatively dry exposure to allow of the 
penetration of the beds 'by oxygenated rain-water ; and cases may 
occur in whicli the beds are kept so saturated with water from the in- 
terior of the beds holding carl>onaccous matt er in solution, that the 
work of oxidation may he arrested altogether. 

, 7. Microsmpic Strurtnre. — A detailed examination of the speci- 
mens from Iho Wellingion-t’olhige Well-section, subdividing tlio beds 
for this purpose as they are given in vol. iv. of Mem. Geol. Survey, 
p. 425, shows sizes of tiio quartz-graims ranging from ()'t)()5 to 
0'0,‘lf) of an iiKih. A ])ure clay is sddorn mot with. Evenj the so- 
calh^d clays of the Middle group contain very often some 50 per 
cent, of tine clear (juartz-grains, c^diering'in imisses by tlie cementing 
action of the argillaceous material. In the Upper groiij) the 
investment is generally a more clay : in the Afiddle and Lower there 
is generally mor(^ or hws of amorphous organic matter, ((ither of 
itself constit/Uting the investment or mingled with clay The 
quartz-grains arc for the most part, suhangnlar, and tluMofore water- 
worn. In one bed ( no. 7) the majority of tlie grains w(‘re found to 
be well rounded ; and in beds no. 8, part of 0, .and 1 1, there was a 
noticeable pro])()rtion of rounded grains. In some of the bods a 
considerable (juantity of glassy silica, in minuto clear Hakes, is seen. 
This glassy silica may consist }>sn'tly of fragimmls of I’rnstule.s of 
Diatoms ; hut luirdly so the larger Hakes. 'I'heso liave the a|)]>ear- 
finco under the microscope* * * § of flakes of silica artifleially proei]>itated 
by a process well known in eh(‘mical lal>oratori<‘s. Jf so, the solvent 
action of the huinus-acids u]K)n silicates may hav(‘ contributed to 
the result. 

8. DiMriUntion of fhe Sorsnis. — A careful investigation of the 
matter wliieh I havt* roCrently made has U iuled strongly to confirm 
the statements of Trofs. l^rest wieb 't and Ku})ert .Tones J, ns to the 
occurrence of these blocks and slabs of * sficeharoid sandstone ’ in 
the Upper Sands. Tin* jirobahle gniofis of them has been discussed 
by ino elsewhere §. Their extensive distribution far beyond the 
present range of the llagshot strata is well known. The larger 
blocks are generally very angular, sometimes water-w orn on the 
upper surface, hut rough and uneven beneath. As a student of 
glaciation, tliere seem to me insuperable ]>hysical difficult ios in the 
way of attributing to them a morainic origin. For these reasons 
it seems that their wide distribution may be regarded as indicating 

* C4ool. Mng., SepUniilMinr 

t 8ee Quart. Journ. Geol, Soc. vol. iii. p. 384. 

J Proe. Geol, Aijboo. vol. vi, p. 4iK». 

§ Keport of Brit, Assoc. (Soutliport Meeting), 1883 ; alsa PrcK?. Geol. Assoc, 
-vol, viii. pp. 1 50-130. 
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much greater areal extension originally of the Upper Sands, 
which harmonizes with the view advocated in this and in former 
papers. 

9. Lastly, the general homogeneity of the Upper Sands, when 
viewed on a large scale, as contrasted with the numerous lithological 
variations, laterally as well as vertically, of the Middle and Lower 
beds, points to such an agency as a tidal surf, in workingup the various 
materials, brought into the estuary from different parts of the catch- 
ment-basin, into a somewhat homogeneous whole, as wo see them in 
the Upper Sands ; while the absence of such an agency in the Lower 
and Middle stages led to that differentiation of the deposits just 
referred to, the materials contributed by each alflucnt being more or 
less locall}^ deposited. These lateral variations in thickness and 
lithological character of beds on the same lu)rizon constitute, indeed, 
the chief difficulty of their stratigraph}', and discount largely tho 
value of conclusions drawn from a comparison of small and. distant 
sections. Such evidence standing alone cannot be other than 
e(]uivocal. 

Freshwater Diaioms — It would ho premaluro to say much 
of these until the investigation has becui carried fiirtluu*. Up 
to the present they have oiil}^ been found in any (piantity in tlirecj 
beds in different localities, though many sain j>les liaveboen searched 
and stray forms liave been found in othius. The sands examined 
hjive been washed with disiUled water. Their fossil condition seciins 
to be indicated (l)by the absence of ondochroiue, (-) by tho corrode d 
and fragmentary condition of many of them Tho work of Prof. 
E. riit/cr, of Hoidolixirg, has been mainly coiLsultod in tliis study. 
He coiilirms the previous judgment of Smith as to the distincl ion 
between marine and fresli water forms, and points out their import- 
ance this ]K)int of view as geological data. He assigns .J- 

millim. as the limit of si/.e of freshwater species ; tlioso wliich luive 
been found in the Pagsliot JJeds seldoiu reach j rniliim. in loiigth. 

Along with empty frustules of Diatoms,” lie Kays {loc, cit. p, 408), 

only spicules of fiH‘8liwat<‘r sponges and silicitied remains of many 
higher plants are generally present.” I'he latter, in the form of 
vascular tissue, appear to bo more common in the ilagshot Pods than 
Diaioms. They are distinctly luminous in a dark field between 
crossed nicols, and remain uncliaiiged after being calcined for more 
than a (]uartcr of an hour on clean platinum foil. I am not sure 
that I have seen any spoil gc-s}>icules. The following may be men- 
tioned as genera that have lx.'cri met with: — (Jam iPhone tnUy Frusta lia, 
Pianularia, Stjuedra^ GtjroHhfiaay Favlv-ala, OdouthUum^ Meloslra^ 
Amphlpleiira, Thej^ occur both in the Middle and Lower Pagshot, 
and none have been met with in tho Upper Pagshot. [In a samjdo 
of the Kieselguhr deposit lately discovered at L. Quire in Skye, for 
which I am indebted to the courtesy of A. Macdonald, Es(]., of 

* Vide SebenUa ‘ ITandbiich der Potanik* (Preplan, 188ii), Pd. ii. pp. 400 ct 
seq.y also fig. 1 of ibat uionograpli (j>. 407). I oiiVr liero my best tJianks to 
Pirof. Maiw^hall Ward, of Cooper a Hill College, for directing luy attention to 
tliijj. Pfitzer’s lateat published work. 

u. J. G, S. No. 171. 
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Porfcree, I find pretty nearly the same genera occurring in a verjr 
similar state.] 


Steatigbaphical Evidence. 

'Data for Section A (fig. 1). — The well-section at Wellington 
College (see Quart. Joum. GeoL Roc. vol. xli. p. 494) is the standard 
for comparison. The sequence of the beds at the southeni end of the 
section has been proved again in a new well, this winter, behind 
the WoUington Hotel. The thickness of the sand beds below no. 10 
is calculated (from the altitudes of the London Clay in the College 
well-section and at its outcrop to the N.W.) as 80 feet. The 
green earthy sands (nos. 7, 8) are proved by outcrop and inter- 
mediate excavations to continue to the brook parallel to the railway 
I mile to the E. 

Section B. Brook-seetton south of Ravensivood, 

ft. 

a. Green earths and sands (nos. 7, 8) 20 to 25 

h. Clays, loams, ferruginous sands with strong clay-layers 1 
(nos. 0,10) 

On the west side of the line the well at the lodge hy the Roman 
Road pierced beds nos. 9, 10, 11. Tlie last-mentioned bed is a dirty 
quartz-sand, blackish green, with much lignite and pyrites. 

Section C. Ne>v Well hy Wokinyliam-- Sandhurst Road, 

ft. 

a. Angular and pebbly drift-gravel 0 

h. llr(»wn and yellow ferruginous HuTid,loatn and clay (partly laminated), 1 

with irony nodules, very clayey in upper part (nos. 9, 10) } 

c. Orctmish-black quurtz-«iud with pyriU's, lignite, and freshwalor dia- \ r 
toms (pierced to) J 

Tol.al depth 

On the assumption that things which are equivalent to the same 
thing are e(}uivalent to one another, 1 maintain that the beds of the 
new well are precisely on the same horizons as those in the well at 
the lodge (see fig. 1), since the upper bed in each of the wells is the 
equivalent of the beds nos. 9 and 10 of the brook-section (B). 
North of tho now W'ell the bods nos. 9 and 10 are cut through by 
the brook ; but no. 9 is recognized at tho top of the hill just N. of 
Jack’s Bridge (see Ordnance map) ; and the base of no. 10 is exposed 
some 20 ft. lower in the banks of King’s Mere, the bottom of which 
basin is in no. 11, a fine quartz sand Nos. 9 and 10 can be recog- 
nized in the railway-cutting both N. and S. of Nine-mile Ride. 
There are two larger exposures of no, 10, — (a) in a sand-hole by tho 
roadside, (f)) in the railway-cutting (see fig. 1) i mile N. of the 
road. Beneath no. 10 the fine quartz-sand of no. 11 is well exposed 

The lake was dried up last summer. The above statement is from my own 
observation ; the previous statement (vol. zU. p. 603) was made from information 
g^ven me by others. 
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along tbe small brook-escarpment a little way to the west and parallel 
to the railway. It is seen a little way further north in a dipping-well 
by the east side of the line, and in the banks of the brook on both 
sides. In the wood to the east it passes under beds nos. 9, 10, which 
form a small plateau through Gorrick Plantation, on the N.W. corner 
of which bed no. 10 appears to touch tite London Clay in the ditch 
outside the fence. The presence of the latter formation is further 
shown by oak trees, by the presence of Silvcrstock Bog (see 
Ordnance map), by the fact that the clay was dug into in draining 
last summer, and was dug for brick-material about mile to the 
west a few years ago. Tlie bed seen in the cutting a little further 
north must be a continuation of no. 10, both lithologically and by 
the features of the ground ; and it appears to be continued through 
Lucldoy Park, on the north side of which it is only cut off from the 
Wokingham outlier by the line of erosion of the Emm Brook. It is 
exposed just north of this in a small road-section, and it forms a small 
plateau, which is cut through on the railway, where the base of 
no. 10 is seen, sharply defined from no. 11 (hero well cleaned by 
oxidation), at 210 (().!).). 

The following small clean section in the br.*ok-side south of Ravens- 
wood shows the mixed character of bod no. 10 and the consequent 
impossibility of determining its dip by comparison of small soctionn 
of it. 


Section D. Banh of Broolc near liavenswood. 

ft. in. 

a. Drift 3 0 

h, Stiff loam, yellow and browTi 1 () 

c. Rather strong clay, yellow and brown 0 9 

d. Strong loamy sand with thin pijx'-clay partings and red and puee- 1 , . q 

coloured ferniginous layers j ’ 

Total exposure 7 0 

A rough analysis of a sample from the same bod a little further 
down the brook gives : — free silica, GO j)or cent. ; cla}’, 2r) per cent, j 
ferric oxide, Ei*5 per cent. ; sodium chloride, 0*5 per cent.; water 
of hydration, about 1 per cent. This bod is, in fact, so variable that 
I mistook portions of it in the railw^ay-cuttings for l)cd no. 4 ; and 
this was the main, though not the only, reason wdiy I suggested an 
anticlinal in my previous paper. Alongthis line of section A (fig. 1) 
the dip, as indicated by the base of bed no. 1 0, would ap]>ear to be 
about from 1 0 to 1 5 ft. in B miles ; but the true dip is jirobably some- 
what greater and in a more easterly direction, to judge from the 
general strike f. 

Numerous well-sections in Wokingham give the same succession 
of beds as we find in the Tangley cutting. Everywhere the water 

* It is by no means so homogeneous as one would suppose from the well- 
specimen. 

t More correct determination of levels shows that the j:>ebble-bed in the 
lower lake at Wellington College is on the horiztm of no. G. Thai on the 
horizon of no. 3 has been proved higher up the valley at 25i (O.D.). 

2 n 2 
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is obtained from a fine quartz-sand resting on liOndon Clay. There 
is no record of a passage-bed. The sharj) distinction between the 
sands and the London CJlay (see fig.»4, vol. xli. p. 505) is borne out 
by excavations on the cutting-sloiKss, and by my observation of open 
graves in the churchyard. 


Elevation of lUah dm North from Wellintjton Collene. 

Section E. Valley J mile North of WeUinyton Colleye. 

lloferenccs to numbers in well-section (Quart. Joiirn. (jrool. Soc. 
vol. xli. p. 41)4, fig. 1). Corrected altitude 287, 0.1). 


No. .‘1 Pobl)U>-bec1 in HiiflTlojim (about.) 2 

No. 4. Ooarwj loamy ferruginous sand with irony concretions 

No. 5. (Wanting.) 

No. d. Strong loam and clay (brick-material) d 


Nos. 7, 8. (ir(5en eartliH throwing out springs about the middle and at the \ 

base j 

Nos, 0, 10. (?lMy-and-sand bods, more sandy in the noddle, not distinctly \ 
diirerentiated, coarse and ferruginous, with irony comirdions... | 

No. 11. Fine sharp quartz-sand, with glassy silica (depth) ? 

There arc several exposures of one or more of those beds a little 
way (Mist and west of the road, and they can Ix^ traced to the brook 
to the west (section 11). Nos. 0 and 1<) are out tln-ougli in the valley, 
and are exposed on the north side of it by the road : but further to 
the cast they foim a higher feature of the ground,nn(l exti'ud across 
Nine-mile Kide, on the south of whicdi about 5 i’t. are ex[> 08 ed in a 
brook-section, while on the. north side of the road the clays of the.so 
beds are worked in the new brick-yard.s. Tlie same tine (]uartz-sand 
is proved hero beiieatli them in severtd wcdls and trial-holes. Tlio 
clay-bods here, with tludr included irony coucrotions, are identical 
in character with those dug at the California, briek-kiln (sec infn\ 
p, 385) ; and both are identicjil with bod h (no. 1 () ) in the well 
(section C, \k 382). On the w<»st side of the New Wokingham Hoad 
beds nos. 9 and 1 0 form the higher feature of the gr<niud by Heath- 
lands (base of no. 10 oxjjosod in a sand-liole) and St. Sebastian’s 
Church, where the graves pass through 5 ft. of no. It) into the lino 
quartz-sand of no. 11. 

The getieral strike of no. 10, so far as it cjin be made out, and 
the outcrop of the London Clay (1 have verified the mapping) along 
the small valley south of House’s Farm, Easthampstcad, gives less 
than I mile for the outcrop of the 95 ft, of th€> sandy beds nos. 11, 12, 
13, of the well-section ; and this, by ordinary rules of stratigraphy, 
would give something like 1000 ft. for the thickness of the London 
Clay and Heading Beds, as calculated from the outcrop of the Chalk 
at St. Lawrence-\Valtham, 6 miles due N., if those three beds main- 
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tained tho same thickness here as in the well-section. They must 
therefore hare thinned away considerably. 

Again, a comparison of altitudes gives the following data : — 


1 Altitudes nt W. Ooli. 

1 

Altitudo.s at, outcrop. 

Distuiiec. 

Kise. 

Ratio. 

No. 3 L'C.-! 

2(54 

4aSl) ft. 

0* 

— 

! Base of No. 10... 1S7 

214 

55-14 ft. 

27 ft. 

1 in 205 

1 Surface of L. Clay 0:i 

2(M) 

flKiO yiU. 

vd:^ 

1 in 0(5 


By ordinary rules of stratigraphy (rejecting the notion of east and 
west flexures), no. II, if continued, would cut through tho Easthamp- 
stead and Jlracknell Hills at about the altitude at which n pebblo- 
bcd is found there : a rise to the north of 1 in 20.*) for base of no. 10 
would give 272 (< >. D. ) along the same line of country (set' tig. 2), which 
with further subsidenco to tho south gives a lithologically e(|uivalent 
hod at Bracknt'll and Ikickhurst, in each case underlain l)y a lino 
quartz-sand (soo infray j). 087), while inteniU‘diato outliers of it 
at intermediate levels arc mot with on the north side of Easthjim])stead 
Barli ; and a rise of 1 in OO for the surface of tlii' l/mdon (Hjiy gives 
274 ( 0.1). ) along the same line of country, tho difl’oriuice hetween 
this and tlio general altit.udt^ of that formation hciu'alh the Bagshot 
beds along that line of country representing ]>rol)a)dy the amount of 
contemporaneous denudation of tho Jjoiidon ('lay. Bcasouing from 
these data, W(^ should expect to And that the f/rern-carlh serirfi 
and the quartz-sa nd arries were reprenenied veru /VcA//^, if at ally 
at Bdcl'hurst and Braehnell ; and so tho diflicvilty arising from tho 
iioTi-api>earance of tho green earths in the BrackiK.'ll cutting ((iuart. 
Journ. Geol. Soc. vol. xlii. p. 40(») vanishes. 


Elevation of the Beds from the ]VcTl-secfion. 

When this paper was read a diagram showing a coiitmuity of lcv(ds 
in hods nos. I> to 7 to the N.W. from tho College-well was shown t. 
It was constructed by correlating, acc.ordhaf to aliitadeSy minor 
sections at the railway-cutting, in the now well behind Iho Hotel, 
in tho pine-woods near Heath Pool, and in the lane bc'low Wick 
Hill Farm (U])per Bagshot), taking the intermediate features of the 
ground into account. A detailed section (constructed from exca- 
vations made for me last autumn, tho measurement ‘of the beds 
in the fresh section, and a correlation by measurcm(mt of the levels 
of the bods in the two subsections, one in the old clay-pit, th(j other 
in the California brick-yard) was also shown and described. Hero 
it will suffice to state, as the outcome of the investigation, that (1) 

♦ Further investigation has shown that this level is maintained for about 
half a mile south of the College. 

t Cf, Whitaker, Quart. Joum. Ceol, Soc, vol. xviii. p. 2(»3. 
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tfb,6 da.y» worked in the California jnts are the beds nos. 9 and 10 of 
tlieweU-^^^ (2) that the section published last year (Quart. 
Joum. Geol. Soc. voL xlii. p, 409, fig. 2) is erroneous in several impor- 
tant particulars, (a) in the altitudes (error of about 15 ft.), (h) in 
the omiBBion of the middle bode of the section, (c) in the assign- 
ment of too Bi^all a thickness to the clayey beds of the brick-yard. 
The evidence, and that furnished by a comparison of numerous other 
sections in the neighbourhood, including sections on both sides of 
Pinchampstead Itidges, is altogether against the assignment of the 
California clays to the Lower Bagshot. The outcrop of the London 
Clay in the pit at the west end of Nine-mile Bide and at Barkham 
demonstrates therefore, when altitudes are taken into account, the 
attenuation of beds nos. 11 and 12 of the College well-section also in 
this direction. On the strength of the stratigraphical evidence, of 
which only the salient points are here briefly indicated, I re-a'ssert 
my entire agreement with the judgment of the Officers of the Survey 
in mapping the California clays as the basement-beds of the Middle 
Bagshot. The train of reasoning which is based on the assignment 
of these beds to a Lower Bagshot horizon (Quart. Jouni. Geol. >Soc. 
vol. xlii. p. 408) s(3ems to me, therefore, to fall to the ground. The 
base of no. 10 is 215 (0.11.), about the level of the bawse of the same 
bed in section E (p. 384), 1^ miles duo cast of this point. 

Fig. 2 . — General Section, 

For details of the Bearwood outlier, see Geol. Mag., ^larch 1887; 
for the Wokingham outlier, see sn 2 >r() (p. 383) and ray former paper 
(Quart. Jounx. Geol, Hoc. vol. xli.). The Ihieldmrst outlier is probably 
for the most part Upper Bagshot*^. As to the Bracknell outlier the 
following sections should be considered : — 

Section F. Warjldd Brul'-yard {North end of outlier), 

ft. 

a. Coarse brown irony sand with irony concretions and ] 
irregular layers of strong white unctut ms clay Hag- I 8 

shot bed) • J 

<?. Pobble-lKHl ill lotuu with induded luinpu of pink and 1 . I about 

white clay (about) J \ 200 (0.11.) 

d. Laiiunnted clay-and-sand l»eds, witli ferruginous con- i 
cretions (a “mellow loam” when well mixed), hori- ; 
cofiiat in m^tiom at right anghs j 

«. Dark-coloured sandy clay passing down into ordinary I 
London Olay with a true dip of 10° in a direction 20^^ I 31 
S. of E, (cxiHised to) J 

Verticsal exposure 45 

This, it is seen, furnishes direct evidence of unconformahilitg. The 
dip is shown by even layers of pebbles and a calcareons rocky fossili- 

^ «r udging from road-seotions and from the loose materials brought up from 
a W€sll 52 feet through the yellow sands. In tlie railway-cutting Ms nos. 10 
and 1 1 rest on a hi^ly eroded surface of London Clay. 
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ferouB layer (not Beptaria) running through the London Clay. In 
the brickyards a littlo further west, a layer of pebbles shows a dip of 
.5® about S.E. for the London Clay. 

Section G. Bracknell Station, 

ft 

a. Surface-soil containing numerous flint-pebbles 1 (at 2fl5 O.D.) 

d. Laminated clay-and-sand bed with irony concretions 1 , « 

(sand apparently once a greensand) J 

e. Lark greyish-black carbonaceous fine quartz-Siind (coii- j 

taiuiug 25 per cent, oi C and freshwater diatoms) ...J 

Total exposed 13 

IfoTE. — “ e ”=bed “ a ” of my previous section (vol. xli. p. 505). 


Section H. Cntting-slope 200 yards East of Bracknell Station, 

ft. 

1. Loamy sand with pebbles at the surface 10 to 15 

c. I’ebbles imbedded in a still' loam 1 ^2(>5 O.L.) 

c/,. Bulf-colt Hired loamy sand 3 

Laminated clay-and-saiid bt*d with ferruginous concre- | ^ 

tions, the lowest H inches a black shale j 

e, Lirty quartz-sand (exposed in excavation to) 1 

Total exposure in a fresh excavation 22 

Before the recent eastward extension of the uji-platform a well 
was dug in bed “ e by Mr, Itipley, below the level of the line. Ho 
is positive tliat it was not Loudon Clay, as he knows it in the neigh- 
bouring brick-yards. 


Section 1. EasthampsUad Church (South end of outlier). 


Combining the well-section at the village school, the road-section 
above tiic church, and the road-section below the church. 


a. Quaternary or pre-quatAjrnarj’ gravel (angular flints, pebbles, 

and chert ) 

b. Loamy yellow sand (pi obably L’pijerJiug.sliot) reconstructed 

near the gravel ^ 

c. robble-bed, seen m ai/u in the churchyard, in tlic road- 

culling below tiie cburcli, btdiind the cottage opposile, well • 
exposed in excavations Ijist summer at the workhouse ... j 

d. Clay-and-sand bed (similar to bed d ” in the above sections [ 

L, G, H) ) 

I, Loudon Clay seen in the road a few feet above the brook... 


ft. 

1 to 2 
18 * 

3 (200 O.L.) 


10 

? 


Total of Bagshot exposed 33 

The laminated clay-aiid-sand hod I take to be the same in all the 
four sections. It runs through the hill, and is seen in the lane 
which crosses the outlier north of Wick Hill House. Its altitude 
throughout is 250 to 2(50 (O.D.). There Ls a higher pebble-bed in 

* From data in the road-cutting, in a well close by, and in the graves in the 
.-churchyard. 
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lit# ^oWbla Upper Bagshot, 5 fb. thick in the cutting 550 yards ^Bid 
0 t station, and 5 ft. hdow the surface, said to be 6 ft. thick iir 
a well 70 yards north of the cutting. Space compels me to omit here 
full details which I possess of other well-sections in this outlier ; 
but it must be stated that in two of them, at the foot of Bill Hill 
(330 ft. high), “ </reen sand yielding putrid water ” is recorded, and" 
beds of pe))bles in those and in two others (G in. to 24 in. thick) 
were met with, at about 2G5 (O.D.). Tlicre is a Tory good section 
of Upper Bagshot at the south end of Bill TTill, at about 300 (O.D.). 
The dip discovered ai Bracknell, and the trend somewhat to the north 
of the general sirike of the London Clay ma}^ account partly for the 
altitude (250 — 118=) 132 (O.D.) of the surface of the London Clay 
in tlie Aseot well. The specimens wliich T have from that well show 
(1) roal ‘‘blue clay'’ at that depth, (2) a striking correspondence of the 
sandy beds for some distance Iiighcr with nos. 11 to 1 3 of the Welling- 
ton well-section. A nearly perfect shell of a Cerithhim is in my 
possession, pro])al)l 5 " from still high(r beds, very likely ecjuivalcnts of 
nos. 0, 10, and of the laminated clay-and-eand bed at Bracknell. 
The last is certainly not the bod ■which occurs next above the 
London (^loy in the Ascot well. 

I believe Ibat beds of about the horizons of nos. 0 and 10 run 
through this pid(‘ of the coiiiitr}^ and r(*st, in j^laces, on the eroded 
London Clay surface at Wokiugham, Buckhnrst, and Brackiull that 
is to say, Ihorois a certain (noivory great) double un con Jot miij, beds 
not the lowcnt of the Bagshot s resting upon b(‘ds not the highest of 
the l^ondon (Jla-s. TJio evidence can onl} be r(\‘i]ly ostimat(‘d on tho 
ground, and nill ha^e to lx* taken into account in a resurvey of tho 
district. If such lUiirgimil conditions exist, ■sv(* must bo i)rcpared 
for somethings “unusual*' (tluart. Journ. Cool. Soc. vol. xlii. ]). 10(>), 
suoli as tlie oecuna'iice <»f a p(‘b])]e-])e(l in tlie Uj)per bagsJiof. tlio 
objection to mIjicIi is. moreover, iit'utrali/ed b} the r(*cord of pebldes 
at Pirbriglit (lor, cii, p. 41*4). 

(iCNnRA.L CoNCLUSIOjrs. 

1. My recent woik, of wliich a mere outline is hero given, tends 
to bear out the gem'ral conclusions urri\ed at in my prcvioTis paper 
(Quart. Journ. (Jcol. Soc. vol. xli. pp. oiH) -508), except on one or two 
points. 

i. The Bagshot Bods of the LoTidon Basin arc, upon the whole, an 
estuarine series, wliich admits of diflerentintiou, both on idi^sical 
and palieont/ologieal grounds, into; — 

(a) An up]>er inarine-tstuarine group (= “Upper Bagshot 
Sands "). 

(?>) A lower /’m/iicrtfc/’ r/roap ( = “ Middle and Lower Bag- 
shots ’*). 

* Local cropioii on a minor scale is a matter of direct observation at all those 
three platsss. Tlie occurreiuMj usually of a few feet of fine quartz-sand beneath 
those beds shows tho absence of a “ passage ” between the two formations 
(cf, Mem. Ckmh Surr. vol. ir. pp. 316, 317), 
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The so*callod “ Lower Bagshot ” I regard as essentially fluviatile^ 
the so-called “ Middle Bagshot ” as, u^^ou the whole, delta and Uujoon 
deposits^ the lagoons having been partially saline, perhaps by occa- 
sional intrusions of the sea and by percolation through fringing 
shingle-torruces, the conditions represented ])y the “ Middle ” beds 
being feebly anticipated in different localities and at different 
horizons in the “ Lower ” series. 

3. The lower levels of the M iddle scries towards the cast (as shown 
in well-sections) may perhaps be duo to a general subsidence, the true 
deltaic conditions encroaching upon the land as subsidence progressed, 
BO as to give a certain parallelism between beds of this horizon 
towards the west and the earlier deposits of the “ Upper ” sands 
towards the cast or 8ca'\\ ard margin of the area. 

4. Though wo fail to find such evidence on the south flank, wo 
have on the north Hank of the area strong cuinuhitivo evidence of 
manjinal conditions^ and consequently an indication of the northern 
limit of this Eocene estuary at successive si^lgl^s of the process. 

5. Massive pebble-beds belong h»r the most ])art to the “ Middle 
group, though occasionally o(rcurring at low ln>vizous in the Upper ’’ 
group, and afford the stroiig(*st cvidia)e(‘ which the whole series 
offers of important changes in the relations b(!iwe(‘n sea and land at 
about that stage of the deposition of the IhigHhot Bods. 


iN’oTK. 

With regard tn the southern margin of tlie district, it is only 
right that 1 should make hero tlio following (piotalion from the 
original MS. of the ])aper which w^as in tlic liands of the Officers of 
the Society at the end of last year : — “ It w’as my intention to deal 
with the southern margin of the Bagshot an^a iji tliis pa])er; but, 
as the work lias grown to conBiderabJo dimensions, and as other 
duties have prevenk'd me from dealing so thoroughly with the details 
of that side of the district as I could wish, as, moreover, the Aldershot 
district is somewhat comjdicat cd and is being w^orkod out by my friend 
and former pupil, Lieut. 11. (i. Lyons, B.E., E.(LS., it has appeared 
better to defer the fuller consideration of it for a future communi- 
cation."’ I only add now ( Ajiril BBth) that in thc^ ])ttrt of the paper 
which appeared in the Society's Journal (vol. xlii.) last year, dealing 
with this portion, there are many points wliich I consider open to 
criticism ; but these are dealt with in Mr. I^yons’s paper. The 
evidence recently furnished by the Brookw’ood w’cll -sect ion shows 
that the notion of the possible occurrence of Beading Beds in the 
Mytchett section is quite untenable. 

Eebathm. 

In my former paper (vol. xli. p. 508, line 4) : — 

for Lower Bagshot read Upper Bagshot. 
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Bisoussioh. 

The Pbhbxbeht observed that of the many, interesting matters 
discussed the most striking was the discovery of freshwater Diatoms. 
He uttered a caution, however, as to the possibility of their not 
being of the age of the bods in which they were found. 

Mr. Monoktoh allowed that the paper contained many new facts. 
His own hypothesis certainly differed from that of the Author, who 
had a bettor working-case than on a previous occasion. Indeed he 
might not bo far from being correct, though there were stiU reasons 
for doubting this. As regards 8t. Anne’s Hill, ho admitted that 
possibly there might be no pebbles in situ in the Lower Eagshots, 
but he thought tliat appearances which mislead hero might do so 
nt other points. In the Middle Bagshots there are undoubtedly 
marine shells to deal with, the bivalves usually having both valves 
united. He admitted the occurrence of pebbles in the Upper Bag- 
shots on Pirbright Common, having there found pebbles with fossils 
attached to them. 

lleferring to the Wellington-Collego section ho criticized the lines 
as there shown, remarking that in point of fact the lines of the 
London Clay and the Bagshots coincide in their rise and fall. The 
London Clay thickens steadily eastwards — at Wokingham under 
BOO feet thick, at (Jhortsey nearly 4(K) feet, at Claremont 4o0 feet. 
Ho doubted the views of the Author as to there being unconformity 
at one place, //. Wokingham, and passage-beds at another, e.g, the 
Brookwood well-sectiou. Clays occur at the base of the Lower 
Bagshot, both where unconformity is alleged and where a passage- 
bed is said to exist, lie suspected that in well-sections the Author 
recognized a passago-bcd, and on the surface an uncoulormity. 

Mr, Herkius chiim('d cortain beds referred by the Author in his 
Wellington-Coliege B<'etion to the Middle Bagshots as really belong- 
ing to the Lower Bagshots, in uhicli case the surfaces of the London 
Clay and I^ower Bagshots would conform. Ho criticized the Ascot 
section, especially the alleged valh*y of erosion ; he regarded the 
depression in the Ixindon-Clay surface there shown as in reality duo 
to dip, since the Chalk is actually (17 feet more below 0, 1). here 
than at Wokingham, Beforriug to the discovery of Diatoms, ho 
saw no reason why there might not, 1)(‘ intercalations of fresh- 
water bods in the marine ^Middle Bagshots. He still maintained 
that the clays in the California brickfield belong to the Lower Bag- 
shots, which usually contain a clay-bod. 

Mr. Hitdleston complimented the Author on his perseverance in 
again ventilating this subject. We might agree to the general pro- 
position, but not to the reasons brought forward in support of it. 
Mr, Irving was determined to establish an overlap on the flanks of 
the basin ; a year and a half ago this was to have been effected by 
means of certain antiolinals. The anticlinal in the Wellington-Coliege 
section was now given up, and he was sure that the anticlinal at 
Aldershot would have to share the same fate. This would be shown 
in detail to the Society by Lieut. Lyons, Il.£.. now unfortunately 
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.absent on dufy at Devonport. That oMeer writes: ^*1 cannot 
make out a case for erosion or overlap.” In the present paper the 
Author had changed his tactics, and was endeavouring to establish 
the overlap by means of an attenuation of the Lower Bag^ot Beds 
towards the margin of the basin. The evidence brought forward 
was not satisfactory. There are most undoubted clay-beds of con- 
siderable importance in the Lower Bagshot. A very remarkable 
one is now being exposed in continuation of the Walton cutting 
described last year. The base of this may be about 30 ft. up in the 
Lower Bagshot series. On or about the same horizon is the brick- 
earth of Hatch, between Addlestone andChertsey, marked as Middle 
Bagshot in the Survey Map ; this presents some very curious 
features. He fully agreed with Mr. Irving’s interpretiition of the 
alleged presence of pebbles in the Lower Bagshots of St. Anne’s 
HlU, The pebble-beds of the Middle Bagshots wore largely deve- 
loped in the upper part of the hill, and these had fallen over in 
large masses. Still the absence of pebbles in the Lower Bagshots 
of this part of West Surrey could not be taken as evidence that 
pebbles never occurred in the Lower Bagshots. 

Mr. WniTAXER missed the apocrenic acid of prerious papers. Mr. 
Hudleston had partly anticipated the substance of his remarks with 
reference to the non-occurrence of pebbles in the Lower Bagshot. W e 
must bear in mind that pebble-beds occupy but a very small part of 
the country. In Essex there are quantities of pebbles in the Lower 
Bagshots. In Hampshire pebble-beds over large areas are most 
distinctly capped by Bracklesham beds, and sometimes cut right 
down to the London Clay. Sand and gravel arc convertible terms. 
He objected to the straight line shown between Chalk and Tertiary 
beds on one of the sections, and spoke of the danger of drawing 
sections from data yielded by a few borings. He thanked Mr. Irving 
for again bringing forward the subject. 

The Author referred to the number of criticisms and the lateness 
of the hour ; most of the points mentioned were dealt with in the 
paper. Ho replied to Mr. Whitaker’s remarks on the linos in his 
sections. Having made a special study of the continental literature 
on the subject, he would stand by his remarks on the humus acids : 
the action of the humus acids had been of some importance in these 
and other beds. He had proved that the Diatom-remains noticed by 
him were not in a living state. It must be understood that this 
paper was mainly confined to the northern side of the basin. He gave 
reasons why he had drawn the anticlinal in the Wellington-College 
section, lieferring to certain of the pebble-beds mentioned in his 
paper, and more especially to tho criticisms of Messrs. Monckton 
and Herries, he insisted upon the pebble-beds at Easthampstead and 
other points (e, g, at Barkham) being in in situ. The remarks of 
one of them showed that he had not mastered what the author had 
already published on the evidence of well-sections. He further dis- 
cussed the presence of marine shells in the Middle Bagshots, and 
said that this was no more inexplicable than the presence of inter- 
calated beds containing marine ^ells in other fiuviatile and terres- 
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trial groups of strata (€. g, the Coal-Measures and the lignitiferous 
group of the Soissonnais) and in modern deltas. 

In many respects the criticisms on his section could only he 
argued out on the ground. With respect to the clay-series 8i>oken 
of by Mr. Hudlcston, no strong inferences could he drawn from that 
on the opposite side of the area, even if it were shown to be Lower 
Bagshot. Ho admitted that, in places, the Lower Bagshots become 
more argillaceous, the London Clay having largely contributed to 
the materials. 
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29. Considerations on the Date, Duration, and Conditions of the 
Glacial Period, with reference to the Antiouity of Man. By 
Joseph Prestwich, M.A., F.R.S., Professor of Geology in the 
University of Oxford. (Head May 25, 1887.) 

When, twenty-eight years ago, the barriers which restricted the 
age of Man to a limited chronology were overthrown by the disco- 
veries in the Yalloy of the Somme and Brixham Cave, the pent-up 
current of geological opinion tended to the other extreme of 
assigning to Man (Post-glacial) an excessive antiquity ; and now the 
belief in that great antiquitj* seems to mo to be exerting, in a 
manner somewhat similar to that which at first caused the rejection 
of the Kent’s Cave and Somme Valley evidence, an imperceptible bias 
on the questions raised as to the Glacial and Preglacial age of Man — 
apart from the question of Pliocene or Miocene Man, into which, 
on the present occasion, I do not purpose to enter. 

The extreme opinions which dealt with millions of years arc now 
probably hold by few ; but still, with many and, probably, the majo- 
rity of geologists the Glacial and Postglacial periods, which involve 
the question of the anticiuity of Man, are measured by very great 
terms of time. At the outset of the discussion, and when the 
antiquity of Man was limited to the I’ostglacial period, I saw no 
reason for assigning to that period the Icngili of time then claimed by 
many geologists. The data, however^ on which to form an opinion 
with respect to the duration of this and of the Glacial period wore 
too imperfect to form any definite conclusion upon. Hince then 
further observations in the Alps, and more especially the observa- 
tions of the Danish geologists in Greenland, have brought forward 
facts of great importance in their bearing on ice-action and 
growth, and have furnished us with data which may warrant 
the estimates I now beg to lay before the Society, not as a complete 
discussion of the subject, but as a preliminary inquiry. 

Measured by our own limited experience, the excavation of the 
Postglacial valleys, the life of the successive generations of the 
Pleistocene Mammalia, and the dying-out or extinction of a large 
number of species might seem to demand a long period of time. Con- 
sequently at first it was suggested that the Glacial peiiod com- 
menced possibly about a million years since, and that the Post- 
glacial period had lasted about 200,000 years. It was felt, how- 
ever, on the other hand, that the very large proportion of existing 
species of Yertebrata and Invertebrata which came in with the 
Pleistocene period and had since undergone no change, and this 
combined with the stationary condition of Man himself during so 
long an interval, presented serious objections to adopting such 
lengthened periods of time. But on neither side were the conclusions 
based on any definite data. 

The question was in this state when Dr. CroU’s attention was 
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directed to the Buhject, After careful myestigation of existing^ 
hypotheses he came to tho conclusion that the cold of the Glacisd 
period could not be ascribed to any physiographical changes in the 
distribution of land and water, but that changes in the eccen- 
tricity of the earth’s orbit afforded a i>robablo clue to great secular 
variations of climate, such as would produce glacial epochs. Follow- 
ing up Leverrier’s calculations, and assuming that the periods 
of greatest cold wore when the eccentricity rose to a high value, 
and that the warmer periods occurred during the times of lessor 
eccentricity, Dr. Croll, hy an elaborate mathematical computation, 
extended the inquiry as to the extent and periods of maximum 
and minimum eccentricity for 3,000,000 years back and 1,000,000 
to come, and showed that within the last million years there have 
been two such periods of extreme eccentricity — the one extending 
from 080,000 to about 720,000 years ago, and tho other from about 
240,000 down to 80,000 years ago 

As the former period was of greater duration than the latter, 
and the eccentricity also then attained its highest value. Dr. Croll 
was at first disposed to refer the Glacial epoch proper to that period, 
and to consider tho latter as corresponding with the extension of 
the local glaciers towards the close of tho Glacial epoch. On this 
pointhe states that he consulted several eminent geologists, and they 
all agreed in referring the Glacial epoch to tho former period,” tho 
reason assigned being that they considered tho latter period to bo 
much too recent and of too short duration to represent that epoch.- 
Dr. Croll therefore had good warrant that ho was well within 
the limits of geological probabilities when, on a reconsideration of 
the subject, he came to the conclusion that the Glacial epoch must 
be referred, not to the first-named period of eccentricity, but to the 
later one, commencing 240, OOi years ago ; and this is a date now 
very generally accepted. Ho considered that “ tho modern and 
philosophic doctrine of uniformity had led geologists to over-esti- 
mate the length of geological periods” (p. 32.5). Nevertheless ho 
assumes that “ the ])rcsent rate of subaerial denudation does not 
differ greatly from that which has obtained since tho close of the 
Glacial epoch ” (p, 338), and proceeds with the argument in 
accordance with this view, taking the rate of denudation to be one 
foot of soil removed from the surface in 0000 years — an estimate 
founded upon tho quantity of sediment now carried down to the 
sea by such rivers as the Mississippi, the Rhine, the Rhone, the 
Ganges, &o. This is, in fact (notwithstanding the qualification 
just admitted), applying the results of experience in recent times 
to facts observable in climates where tho meteorological pheno- 
mena were totally different, and the conditions therefore not ana- 
logous. Consequently tho data cannot be rightly applicable. If 
used at all, as a sort of base-line, it must be with modifications, 
such as taking the modern data as the known quantity, and adding 
an unknown quantity “ a?,” which quantity has to he determined 
before we can get at the true rate of denudation during the period 
^ * Climate and Time,* chapter xix. (1875), 
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tinder inquiry* Some of the objections which have occurred to me 
against comparing the present rate of denudation with that of past 
times and the Glacial period I have given elsewhere so need not 
repeat them here. Nor is it my intention to discuss Dr. CroU’s theory 
upon his own special grounds, which he has argued with infinite 
ingenuity and presented in so attractive a form that, as I am well 
aware, it has carried conviction to a large number of geologists. 
That the causes he assigns have considerable value, there can, I think, 
be little doubt, and they may have an important bearing upon certain 
geological problems, such as relate to those minor periods of low tem- 
peratures with which wo are all acquainted, as, for example, that 
which seems in early Eocene times to have affected the marine fauna 
of the Thanet Sands and the flora of Golinden ; but that they are 
sufficient to account for the extreme cold of the Glacial period is 
open to question. There arc, as he himself observes, astronomers 
and physicists who are of opinion that the climate :>f the globe 
could never have been seriously affected by changes in the eccen- 
tricity of its orbit. The point has been contested by Professor 
Newcomb, the llev. E. Hill, and others, whose papers and 
l)r, CrolTs rejoinders should be consulted f. 

If the cold were due to this cause, how is it that, whilst the 
lesser eccentricity of 240,000 — 80,000 years ago resulted in the 
intense Glacial epoch of the Pleistocene period, the effects of the 
greater and longer eccentricity of 080,000 — 720,000 years ago, 
which should surely have resulted in a still more intense glacial 
period, has not left its traces in anterior geological series. Put 
there is no such evidence even in the later Tertiary period. 

It is, however, not only on the question of the efficiency of the 
hypothesis to account for the facts, a point which I would leave to 
astronomers and physicists to decide upon, but on the geological 
question whether the necessary concordance exists between the 
observed phenomena and the phenomena as they should be were 
we to accept Dr, CrolPs viev'S, that w’e should ju%o of its applica- 
bility. If we adopt the hypothesis it should follow : — 

1st. That at intervals during all geological time there would bo 
some periods during which a recurrence of similar glacial 
conditions took place. 

2nd. That interglacial conditions would affect each pole alter- 
nately, and that there should be in both hemispheres a suc- 
cession of warm interglacial periods. 

3rd. That the commencement of the Glacial epoch should bo 
placed about 240,000 years back, and have a duration 
of 160,000 years ; after this the amelioration of the climate 
to its present condition, which involves a Postglacial period 
of about 80,000 years. 

4th. That the age assigned to Pahcolithic Man, even if limited to 

* * Geology,’ vol i. chapter vi. 

t Various papers in the ‘American Journal of Science,’ ‘Philosophical 
Magazine,’ and ‘ Geological Magazine,’ from 1876 to 1884. 
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Postglacial tiiaes, could not be less than 80,000, whilst, if 
carried back to Preglacial times, it would necessitate an 
antiquity of 200,000 to 300,000 years. 

‘With regard to the first point, Dr. Croll shows that in the three 
million years for which his tables are computed there were five 
periods during which the eccentricity was as great as or greater than 
during the Glacial ex)och i)ro])er ; so that, taking geological time at 
the hundred million years, at which he estimates it, there should 
have been in all probability some 105 such periods of cold. With 
the exception of the Permian, which is still pendente lite” where 
is there evidence of any such cold i>oriods ? 

Dr. Croll does not overlook this difficulty, and contends that in 
the Italian Ali)s f.lierc is strong evidence in favour of the opinion 
that glacial conditions existed there during the Miocene period. 
This, he informs us, is stated on the evidence of two distinguished 
geologists; but the fact of the Miocene dutew^f the bods in question 
has never since been confirmed ; all the later evidence tends to 
show that it was not until towards the close of tlic Pliocene period 
that glacial conditions set in. At the same time ht^ admits the 
-existence of warm conditions, as undoubtedly proved by the flora, 
in Greenland during Miocene times. 

For the Eocene ])eriod Dr. Croll relies on anotlicr A]])ine case — 
the coarse conglomerates with some eriormouH blocks forming the 
Flysch. But this wan a period of Alpine disturbance and change, 
when, though tho rocks may have l)e(m rent and worn down in tho 
mountain tirca, the marine life at a short distance gives evidcait- indi- 
cations of a high gmioral temperature : Numnnilites then abounded 
in the surrounding seas, together with Ecbiiiod(irms of a decidedly 
tropical aspect. 

The case for tho (lialk is still weaker, for tho very few and 
exceptional foreign rock- boulders that have been found in it are 
of small size, such as juight have boon carried in the roots of trees 
or by seawecMls, or pfjssibly by small winter ice-rafts from tho 
mountains of IScandinavia or the Ardennes, whilst all the life of the 
Cretaceous sea is strictly that of temperate, if not of warm, latitudes. 
The small pebbles may have boon carried by the large marine reptiles. 

It is on facts of tho same character as those which Dr. Croll 
adduces for the Eocene peu-iod that he would found evidence of the 
action of ice in Scotland during the Oolitic period; but we must 
seek for some other explanation to account for the dispersion of 
the conglomerates .md boulders in face of the incompatible fact that 
at those times warm eoaditions of climate extended to 
North, and that corals, Oephaloj>ods, and huge reptiles swarmed in 
the seas. 

The climatal conditions during tho Permian period may be open 
to doubt ; but on this yet unsettled point it is not necessary here to 
enter. If admitted, it would not utlect the general question. 

Nor is it easy to admit a claim for icc-action during Carboniferous 
times when the luxuriant vegetation of tho Coal-measures fiourished 
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not only here but Bear Island and other northern lands. With 
respect to the blocks of granite alluded to as occupying the lower beds 
of the Coal-measures in France, they may be, like the Tors of 
Cornwall, blocks left in situ from the decomposition of the granite 
on which the Coal-measures there rest, or they may be boulders 
-washed down at thal period by the torrents from the adjacent 
granitic mountains. Other foreign pebbles may be accounted for 
as wc have accounted for those in the Chalk. 

There are similar i^alteontological objections to ice-action in the 
Devonian and Silurian periods. Although there, may be at times 
instances in which the blocks show stnac and are derived from rocks 
not known in the locality, it must be borne in mind that such 
striated masses may bo fragments of slickenside surfaces in the 
rocks from which the breccias are derived; and that, although a 
particular rock may no longer show in tlie locality, it may exist 
there buried beneath m^wer d(‘posits, as, amongst others, in the case 
of the granite of the Ardennes, which, although formerly unknown 
there, was met with in a railway-cutting beneath a slight covering 
of Pahcozoic rocks. 

Admitting tlio imperfection of the geological record, it is evident 
that, as a whole, the physical instances fail entirely to supply any 
sufficient corroborative evidence, either in force or in number, to 
sui>portthe theory of recurrent Glacial periods. Suredy out of 1(55 
or even 100 cases, more d(‘fiiiito marks would have been loft, espe- 
cially in the more recent periods, such as the Pliocene and Miocene, 
when the land had assumed many of its present contours. 

With resi>oct to th(‘ second point, l)r. Oroll states that “ the 
Glacial epoch may be considered as contemporaneous in both hemi- 
spheres. -Put the epoch consisted of a succession of cold and warm 
X>onods, the cold j>eriods of one hemisjdicre coinciding with the 
warm periods of the other, and vice verm'’* (p. 234), This would 
involve an indefinite suf:cession of interglacial periods ; hut only 
one definite interglacial jx?riod during the Glacial epoch is brought 
forward. Dr. (boll, however, accounts for this on the grounds that 
“ the geological evidences of the cold periods remain in a remarkably 
p(Tfoct state, whilst the evidences of the warm periods have to a 
great extent disappeared (p. 238). If, however, one instance 
could be well prtjservx»d, might we not ex])oct other instances to 
occur in some of the in<'iny localities affticted? Dr. Oroll estimates 
the average duratioii of a warm period at about 10,()00 years. 
Supposing such to have been the case, the phenomena of the glacial 
scries certainly afford no (rorrohoration of the remfirkable vicissi- 
tudes of climate this would infer. 

There are, it is true, indications both in Britain and Switzerland 
of intervals of milder conditions during certain times of the Glacial 
epoch ; but these minor differences are, 1 think, due, nob to the 
cosmical cause ot Dr. (Jroll, but to those changes of climate that may 
bo brought about by differences in the distribution of land and water, 
such, for example, as the extensive Buhrnergence which took place ia 
England and North Germany after the first great land-glaciation, 
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lirndnaiim became covered by the sea — ^a change which codd 
iDUtdiy have failed to affect the climate not only of those regionB^ 
but {^0 of Switzerland and other parts of Europe. It is not my 
intention, however, to say more at present upon this question, but 
to proceed to tho consideration of the third and main point, namely, 
the probable duration of the Glacial epoch, which hinges so materially 
on the laws affecting ice- growth and glacior-motion. , 

Twenty years ago the only data we had bearing on the subject of 
glacier-motion and action wore tho observations of Agassiz, Forbes, 
Tyndall, and others on the glaciers of the Alps. These had taught 
us the rate of motion of manj^ of the Alpine glaciers, their periods 
of advance, and the causes of their growth and decay. It was on 
these facts alonc', which arc really not applicable, that we had to 
judge what might have been the possible rate at which tho groat 
ice-shcct spread over the land. 

It was found that in July tho Mor do Glace advanced at the rate 
of inches in the twenty-four hours, and the Aletsch glacier 10 
inches in August ; whilst the winter rate was estimated at about 
half that of suniiner ; so that roughly the rate of motion for the 
year may lie between JiOO and 400 foot, though in one }ear the Mcr 
de Glace was found to have advanced 4b»‘3 feet. 

Tho position ol lJugi's hut on the Aar glacier gave a more definite 
measuu* based on ii longer average, for in tho course of fourteen 
years it was found to have been earried at tho mean rate of 3118 foot 
annually. W o may tlieiefore take the average motion of tho 
Swiss glaciers to ho about equal to 3tK) or 400 feet annually. 

Tho ttdvanci' and retreat of tho terminal iront of a glacier arc 
of eoiirso iTKlo])(‘ml('iit ot tliis continuous motion of tho great body 
of ice, and depend on tJie climatal conditions oi tho jear. In 
tho cold summers of 1810 and 1817 there v as a general advance 
of all tho Swiss glacieis, whilst since 1S5(> th(‘re hes been a general 
retreat. Usually the loss or gain is small, but in some years 
it is considerahh^ In tlu* two jears aho\o named some of tho 
glaciois advanced from lUO to J.IO feet or more. Of other Swiss 
glaciers an advanee oi 1 metre daily in summer is recorded ; but tho 
most remarkable ease is that of the Vernagt glacier in the Tyro- 
lese Alps, which is excejitional in tliat it advances by fits and 
starts. Between 18 13 and 1847 the ice from this glacier covered 
tlie valley below to the length of i2r>4 metres, which givtv? a mean 
annual rate of 87t> feet, A\hile llie thickness of the mass ofMconear 
its extremity exeeed<’d flOl) feet. Another glacitT in thV^ same 
range advanced after all oscillations above a mile in a centurj)^. On 
the other hand the Bhone glacier between 1850 and 1877 retreated 
nearly half a mih*, or on an average 1 1 G feet annually ; whilst 
between 1870 and 1877 the retreat extended for a distance of 400 
metres, or a mean of 187 feet per annum, the greatest retreat be^ng 
between the years 1870 and 1874, when it amounted to 250 metrcfs, 
or a mean of 205 feet per annum. In the Yalley of Chamouni the 
Glacier du Tour retreated 320 metres in the eleven years betweei:k 
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1854 and IBW, ot at the i^te of about 155 feet aunually* The 
mean annual ablation of the Swiss glaciers is estimated at about 
10 feet, but on the Glacier des Bessons the surface of the ice has been 
lowered 260 feet in twelve years. 

Here, then, seasonal fluctuations alone are attended by alternate 
advances and retreats of the glacior-front of not less, on a mean of 
those instances, than from 200 to 300 feet per annum. If, then, 
mere seasonal fluctuations are attended by changes of this extent, 
it would follow that with the secular increase of cold during the 
Glacial epoch the rate of progress must have considerably exceeded 
these limits. Taking for the present a mean rate of 250 foot, the 
longest of the old Swiss glaciers, namely that of the Jlhoue, which 
then had a length of 250 miles, might have travelled that distance in 
5000 years. This, however, is assuming the absence of seasonal 
retardations and fluctualions, which is not possible. Allowances 
have to bo made for warmer seasons and t('mj)orary retreats of the 
ice, and also for tlio fact that the old glacier did not move on tho 
steep inclines of Ali)ino valleys, but traversed tho small inclimj 
of a great ri\er-plain. On the other hand, wo have to take into 
account the circumstances that the ]>resont seasonal clianges give 
measTire of the growth of ice under the continuous and moie extreiru' 
glacial conditions of that ejxK'h. Nothing positive can the'reforo 
he founded on this case, though it may serve to show th«‘ ■|>osHihihty 
of a more rapid rate of progress of the old glaciers than the present 
estimates allow. 

We have, however, in Arctic regions truer and more adequate 
terms of eomparisen in the groat ice-shcci of (Ireouland. Already 
in lh76 Professor Ilclland^ showed that the Greenluiid glaciers had 
a much more ra]>id rat(^ of flow than those of Switzerland. Th(‘ 
Jakobshavn ghicior, noUvitlistaiiding its small slo]>o of only half 
a degree, was found to advance its front at tho rate of from 5(> to (»0 
feci a day. The flow of the glacier of the Fjord of Torsukatak, 
wliich is nearl\ five mih's broad, gave a rate of from 12 to 33 feet 
daily. Taking tho average rate of the three glacicTs on whicli 
Prof. TIellaiid made observations, the average discharge of tlio ice 
was 23 feet in twt'ntj^-four hours ; and ho estimattxl that at the? 
Jakobshavn glacier onh four years would re(|uir('d b(‘ to tr{uisj)ort 
a muss from the edge of the inland ice to the sea, a distance oi* I2,j 
miles. But he coiisiden^d it improbable that tho inland ice would 
move with anything like tin* velocity of the glaciers, and calculat(‘d 
that a mass of ice starting halfway hot ween tho east and west coasts 
of Greenland would take eighty-one years to reach tlio Fjord. 
These observations were, however, made in tho summer months, 
and were only of a few days' duration, so that the annual rate was 
not ascertained. 

Since then a Danisli scientific expedition, consisting of engineers 
and geologists (one of whom, Mr. K. J. v. Steenstrup, passed eight 
summers and two winters in the country), have completed a most 
important exploration of the Greenland ice, of which a short sum- 

* Quart. Jouru. Gcol. Soc. rol. xxxiii. p. 142. 
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[|ii^ has recently been given by Br. Rink*. Their observations 
confirm those of Professor Helland, and show that the motion 
of the inland ice may be compared to an inundation. It was found 
that there is a general movement of the whole mass of the ice 
from the central regions towards the sea, and that it concentrates 
its force upon comparatively few points in the most extraordinary 
degree. These points are represented by the so-called ice-^ords, 
through which the annual surplus of ice is carried off and discharged 
in the shape of icebergs. 

The velocity of the ice was noted in seventeen glaciers, the 
measurements being rej)eated during the coldest and the warmest 
seasons; and it was found, remarkable as it may seem, that the 
movement was not materially influenced by the seasons. The great 
glacier of the ice-fjord of Jakobshavn, which has a breadth of 4500 
metres, was rated at 50 feet per diem. One of the glaciers in the 
ice-fjord of Torsukatak has a movement of between 10 and 32 feot 
daily. Tho large Karajak glacier, about 7000 mtt/res broad, proceeds 
at tho rate of from 22 to 3S feet in twenty-foiir hours ; and another 
in tho fjord of Jtivdliarsuk, 5800 metros broad, at from 24 to 46 
feet. The conclusion at which the Danish corps arrived was that 
the glaciers which produce tho bergs move at the extraordinary rate 
of from 30 to 50 feel- per diem throughout tho year. 

"VVbat, then, may have been tho rate of movement of the great 
ice- sheets of America and blurope in the (llacial epoch ? IS'o doubt 
the velocity of the ice in the ice-fjords is increased by the free play 
of the ice as it roaches tho soa and by the raiadity with which the 
bergs arc dciachod. It is also increased by tho circumstance that 
tho great body of inland ice, the wlioh? of which is in motion, is 
forced, and has to escape, through tlio passes b(*twcon tho range 
of mountains which fringe the coast and rise high above the imme- 
diately inland districts. Tho summits of those mountains rise in 
bare isolated masses (Nunataks) above the surrounding ice-sheet, 
and the passes between them and through which tho ice has forced 
its way have boon gradually worn down, and now form the channels 
(fjords) through whicli tlic surplus inland ice escaj>e8, with a velo- 
city increased in pro])ortion to the contraction of the passages- 
Thus in the Torsukatak, which is nearly 5 miles wide, 

the ice passes out with a mc'an velocity of 24 feet i)er diem, or 
equal to a mass of ico of that width, and 1 1 mile long, annually ; 
tho Karajak glacier, which is 4.| miles broad, flows at the rate of 
30 feet daily, or equal t-o a length of above 2 miles a year ; and in 
tho huge ice-Qord of Jakobshavn, wliich is not quite 3 miles broad, 
the ice attains a velocity of 50 feet daily, so that a length of above 
3 miles of ico is discharged annually. 

Until all the glaciers have been gauged, and we know the relation 
of their totals to tho breadths of the intervening Nunataks,^' no 
definite measure of the total volume of annual suridus ice can be 
established; but for our general purpose some approximate idea 
may be formed. The average of the great glaciers gives a mean rate 
♦ Trans. Edinb, Geol. Soo. toI. v. p. 286 (1887). 
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of 35 feet daily and a discharge of 2^ miles of ice annually. There 
are other ice-fjords of far greater breadth than those, such as the 
Humboldt glacier, which is 60 miles broad. Looking at the map, 
it seems not improbable that the breadth of ice-front to rock- front 
of the whole coast may be in the proportion of 1 to 20. 

Supposing the (quantity which runs off to be equalized throughout 
the whole extent of coast, the fringe of ice which would pass off 
from the land would be -l of a mile in width annually, or a breadth 
of 1 mile would take eight years to pass oil*. If tho j)roportion should 
prove greater, say 1 : 30, then it would take twelve years. In the 
one case a sheet of ice 100 miles long and of the width of tho cen- 
tral ridge would recpiirc eight hundred, and in the other twelve 
hundred years for its formation ; or, taking the length of the 
maximum radius of the old ice-sheets, of which the Canadian high- 
lands and the Scandinavian mountains formed the centre, at 500 
miles, the time required to form this length of ice would he respec- 
tively four thousand and six thousand years. 

This, however, is based only on one roughly approximate knowm 
quantity. AVo have, on tho j/er contra side, to allow for (tertain un- 
known quantities. Lirst, allowance has to he made for the ditferonco 
between the free escape into tho sea and tho impeded progress of ice 
over land with slight gradients. This resistance w^ould, how-over, 
be partly neutralized by the gradual building uj) of a great thickness 
of ice ill the ccaitral area, where in tho Glacial epoch it attained a 
thickness of from 5000 to 6000 feet 

The mass of ice, projected outwards towards its circumferonco, 
would, except wiicro it met with contracted channels, roll over the land 
as a viscid body with comparatively little rigidily and friction. When, 
in tho Glacial epoch, tho great soutliern glaciers of tho Alps flowed 
down the steep and coiitined valleys opening iijxm tho flat ])laiii 
of Lombard}', they deeply ploughed their chanruds, and pushed 
before them for short distances enormous moraines ; hut in tho 
wide open tracts of tho United States, of Northern Europe, and tho 
south of England, where the ice met w ith litth? resistance and could 
expand in other directions, there is, as a ruli?, an absence of moraines 
and often of glacial s trite. 

In the second place, there were, no doubt, seasonal fluctuations 
which would retard tho flovv for lesser or greater periods. It is 
assorted that in Europe there were interglacial periods during w^hieh 
the ice disappeared from the surface for great lengths of time. 
But either the evidence is insuflicient or it points to slight temporary 
effects, except in one case, which is of more importance, and on which 
the greatest stress is laid, namely, that of Diirnten in Switzerland. 
There beds of lignite with mammalian remains are intercalated 
between two glacial deposits. Admitting tho fact that tho lignite 
rests on beds of undoubted glacial (ground-moraine) origin, and that 
the trees grew on the spot where their stumps and remains are found, 
it by no means follows, as contended, that because these trees are all 

* The American geologists also consider that the Canadian land then stood 
considerably higher than now. 
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of species now living in Switzerland the temperature was that of 
Switzerland at the present day. Finus sijlvestris, Abies ewceha^ 
the Yew, the Birch, and the Oak flourish equally in Sweden and 
far north in Siberia. On the other hand, there is one species of 
Finns (P. montand) which is spread over the mountain country up 
to heights of 7000 feet, and is rare in the low lands ; while one 
of the mosses is closely allied to a species now growing on the 
hills of Lapland. The few species of [Mammalia have a distinctly 
northern facies. Elephas primn/eriius^ E. antuptKSy Ursiis spelams, 
as also Cenms elnphus and Bos m.s* are commonly asso- 

<‘iatod with the lloindeer, Musk-Ox, and other Arctic animals of the 
cold Bostglacial times. Further, both the trees and animals are 
those of our Forest-bed,’’ the last land-survdval before the setting 
in of the extreme Glacial cold. 

Is the return, therefore, of the retreating glacier, supposing the 
boulder-gravel above tlie lignites of Diirnten to be due to direct ice- 
action, to be ascribed to anything more than a com])aratively slight 
temporary change of climate, like those that now for a succession 
of seasons cause, from time to time, a tonn)oraTy advance of the 
glacicTs, only more marked ? We must allow, of course, for greater 
diflbrences and longer intervals of time than now obtain. 

Such minor vicissitudes of climate are more compatible with 
changes in tlie pliysiography of Europe than with the cosmical causes 
to which the Glacial epoch, as a wludo, was, there is little doubt, due. 
Nor is it ditfioult to And such a cause in the extensive changes in the 
distribution of land and water Avhich took ])]ace in Britain and Nor- 
tb(^rii EurojK^ afttvr tlie first groat land-glaeiation and the formation 
of the Lower Bouldor-elay. The submergencje of Ireland, Wales, 
Scotland, and England (in part), and of a large area in Itiissia and 
North Germany, extending to Holland, was sufliciont, with the 
influence of currents from the south (j'ur in the sliells of the [Middle 
Boulder-series there is a largo })erccntage of southern forms and an 
absence of extreme Arctic forms), to effect a considerable amelioration 
of the climate, such as \vould lead to the toniporary return of tho 
old rroglacial, but still northern, fauna and flora. 

With tho rise of the tem})orarily submerged lands the climate again 
changed, and brought the Al])ine glaciers back over part of their old 
ground, overwhelming in their course the forest-growth which had 
sprung up in the meantime. But the beds of stratified saiid, gravel, 
and boulders ovorljdng the lignite are more likely to have been the 
result of glacial torrents than of the direct Bui>erposition of the ice, 
which may have again approached, but is not proved to have covered, 
tho spot. 

For the formation of this interglacial bed a period of GOOO years 
has been claimed ; but tho claim rests on doubtful data. The lignite 
is from 5 to 10, and rarely 12 feet thick. In the estimate the maxi- 
mum thickness of 12 feet is taken, and it is assumed that to form this 
12 feet of lignite it would have- required 60 feet of peaty matter, or 
that it took 5 feet of peat to form 1 foot of lignite, and that 100 years 
would be needed for the growth of each foot of peat : thus a total of 
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€000 years is 61>tained. But the growth of peat varies extremely. 
It may be, in some cases, not more than 1 foot in a century, but it is 
commonly more, being sometimes as much as 4, 5, and even 10 feet 
in that time ; and while it is estimated that to form 1 foot of coal, 
from to 3 feet of wood)’^ matter may be rcH|uired, it is clear that 
lignite, which has lost loss of its original constituents^ than coal, and 
of which the specific gravity is about I*2o, while that of coal is about 
1*5, cannot require for each foot 5 foot of i)eat and wood. Taking, 
therefore, the original thickness of the peat at 24 instead of 00 feet, 
.and the giowth at 4 feet in a century, r>00 5 'car 8 , instead of 6000, 
would he sufficient for the formation of the Duriiteii beds. 

These intervals, therefore', although they may involve considera- 
tions jospecling hundreds, arc scarcely likely, as they must have been 
subordinate to the general jirogress of the ice-slieet, to involve ques- 
tions relating to thousands of years. It is f o he ohsorved also that 
there is no evidence in North America of an interglacial period in 
tlie sense of the one supposed to have existed in Europe, altliongh 
tliere is evidence 111 at after the groat ice-sheet had retreated for a 
very considerable distance northward, there was a ])ause or a]>artial 
advance again southward — an advance marked this time hy deeply 
lobed lines of moraines. 

'Whilst there are these reasons for prolonging the duration of the 
(Haciiil epoch, there are other factors in tJio (question which tend to 
sliorUii it. At present the discharge of ice from the (Irconland 
sheet is merely the surplus under conditions of a settled mean an- 
nual tciujieraturo ; but- the (IJacial eiiocdi was a time, on the whole, 
although there may liave botm pauses, of constantly increasing cold, 
and of constant increase in the areaof ilie great ice-slieot, and there- 
fore there was not merely a supply due to a uniform mean annual 
temperature, but the increments arising from the gradual secular 
refrigeration. 

It may also he a question whether or not the rainfall was then 
greater than now. At present in Greenland it is small, a])parently 
under 20 inches, while in the North -American old ico-area it is not 
less than from 40 to 45 inches annually. .Possibly tho precipitation in 
the Glacial ei)och was even larger, for the Elorida promontory, which 
now deflects and contracts the Gulf-stream, was at that time con- 
siderably smaller, tho coral reef by which it is formed not having 
then extended so far south. Consequently the channel through 
which the atream i)asscd being wider, a greater volume of water 
bowed through ; and this largo body, thus carried into the North 
Atlantic, moving probably with greater velocity and Iiaviiig a higher 
temperature than now, may, in consequence of the greater satura- 
tion of the incumbent air, have materially affected the precipitation 

* III the extreme case of the conversion of wood and peat into anthracite, in 
which the proportion of oxygen and hydrogen to the carbon is as 5 ; 95, tlic esti- 
mate is of from 7 to 8 feet of wood to 1 foot of anthracite ; and in ordinary coal, 
where these constituents are roughly as 15 : 85, the estimates vary from 2^ to 
3 feet of woody matter to 1 foot of coal. In lignite, then, where the change has 
involved less loss (say to 3{.) O -J- H : 70 O) and the pressure has been less, the 
^compression must certainly have also been less. 
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l^oth in North-eastern Amenca and North-western Europe. It iS' 
therefore more than possible that the mean annual surplus of ice 
independently of the extra quantity due to the increasing cold, 
larger than in Greenland at present. 

■ growth of the ice-sheet is not, however, dependent only on 

rainfall. The experiments of MM. Ihifour and Forel have shown 
Jbit when the temperature of the air on the Bhonc glacier varied 
fyom 41^ to 52*^ F. there was a condensation of moisture equal to 
160 cubic metres of water per square kilometre, and this in- 
proportionally the volume of the glacier-ice and water. 
Under these oircumetances it is not diflSciilt to conceive that a foot 
or more, taking the total precipitation, might be added annually to 
tho thickness of the ice. Even in recent times a difference of Jevel 
in the surface of some of the Swiss glaciers to the extent of from 
80 to 100 feet has been known to have been effected in the course 
of 20 years. 

Taking as the known quantity the results supplied by the Green- 
land observations, the equation will bo — a surjdus-iee overflow equal 
to one mile advance in eight or twelve years, minus tho retardation 
due, 1st, to friction and irregularities of surface ; 2ndh^, to seasonal 
changes of temperature (the so-called interglacial periods) ; plus, Ist, 
the increase of discharge duo to x)rogressive secular refrigeration, and 
2ndly, tho increased precipitation and condensation. The one known 
quantity gives from 4000 to 0000 years. Of tho unknown quantities 
we can at ])rosent hut form a distant idea. AVe can only fool assured 
that they must, in all probability, bo subordinate to the known 
quanlity. After full consideration of the subject, my own opinion, 
based on tho facts I have here brought forward, is, that it will be 
found that the time required for tho formation and spread of tho 
great ice-sheets in Europe and America nec'd not be extended be- 
yond from IT), 000 to 25,000 years, if so nnicli. 

I am taking this to re])re8eiit the interval between the time when 
the ice-sheet commenced its progressive march and that when tho 
climcital change was such us to cause iis lull retreat. The fact is, as 
we use the terms, they have not the meaning that might be attached 
to them. Preglacial does not signify a separate period before the 
Glacial, nor Postglacial an ether subsequent to it. The former term 
merety applies to tho earlier stages of the (Glacial epoch, and the latter 
to tho later stages. The lines are arbitrary ones. Wo might e(pially 
well adopt two periods, the one from the inset of tho cold period 
to its zenith, and the other from its zenith to its termination. I, 
however, here adopt the usual divisions — tlie so-called Glacial epoch 
representing a certain length of time when the cold was at its 
maximum, and the others the periods of first increase and last de- 
crease. It is to the latter, to which, on Dr. Croll's hypothesis, a 
term of 80,000 years has been assigned, that I now refer. 

The adoption of this longih of time has been very much the result 
of the belief that no shorter time would account for the excavation 
of the valleys supposed to have been formed during this period. I 
myself may have been partly instrumental in giving currency to the 
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belief, for I placed the oldest of the old valley-gravels at the com- 
mencement of this Postglacial period, whereas I now think it pro- 
bable that in the south of England and in France many of them 
may date back to full Glacial times. I could never, however, agree 
to the great length of time assigned to the postglacial period. The 
adoption of a rate of denudation based on that of the present day 
always seemed to me oi)en to grave objections, and in this belief aU 
subsequent experience has confirmed me. Br. Croll, who, with others, 
adopts the generally accepted rate of denudation, namely, one foot 
of rock or soil removed off tho general level of the country during 
6000 years, nevertheless remarks if the rate of denudation be at 
present so great, what must it have been during the Glacial epoch ? 
It must have been something enormous.” This led him, it is true, 
to reject the alternative date of from 080,000 to 720,000 years ago 
for the Glacial epoch, and to adopt the one terminating 80,000 years 
ftgo; yet much of his argument is based on the assumption of the 
above-named rate of denudation 

But it is no more possible to judge of the rate of denudation during 
the Glacial period by that of river-action at the present day than it 
was to estimate tho rate of flow of tho Greenland ice by Alpine experi- 
ence. The enormous pressure and wear of ice from 2000 to 0000 loot 
thick in contracted valley-channels, especially in fiords, where, as for 
example in Greenland, it stood from 1800 to 2000 feet higher than 
now ; the powerful disintegrating effects of extreme cold on rocks; tho 
annual action of ground-ice in rivers, and of the sweeping and devas- 
tating floods, resulting from the melting of the winter’s snow and 
surplus ice, combined to produce results of which it is impossible 
to judge by tho ordinary work of these temperate latitudes. Wo 
must go to high northern latitudes to And any terms of comparison. 

I am unable at present to go more fully into this subject, but 1 would 
just allude to some in tercsting corroborative testimony rocontly l)rought 
forward by Prof. J. D. Dana in connexion with tho ])honomena of the 
Connecticut valley t. The numerous old river-terraces in this valley 
extend for a distance of 250 miles inland. Tho river has excavated 
a valley through the ancient high-level plain to a depth of from 
150 to 200 feet, with a width of from one eighth of a mile to one milo. 
The mean depth of the river in flood at this Postglacial (Chamjdain) 
period is estimated by Dana to have been about 140 foot t, tho mean 
height of the present floods being about 20 feet. Tho mean width 
of tho upper section of the flooded stream ho estimates at OOOO feet. 
Taking these measures, together with the mean slojie, ho obtains a 
maximum velocity of over twelve miles an hour, with a moan of about 
three or four miles, whence some idea may be formed of tho enormous 
transporting power of tho river of that period. The annual rainfall in 

* Though littlo change has yet been made in the line of argument, there has 
been a growing belief amongst geologists that tho preyent rate of change has 
not always been uniform, and must not be taken as the measure for all past and 
all future time. See some pregnant observations on this point by Dr. Archibald 
Geikie in the Trans. Geol. Soc. Glasgow for March 1868, p. 188. 

t American Joum. of Science for March 1882. 

X This seems to me possibly too extreme a depth. 
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this district now varies from 65 inches on the coast to 42 inches in 
the interior ; but during the Glacial period, Dana considers that the 
special conditions must have occasioned a much more abundant pre- 
cipitation — probablj' as high as 120 inches, or greater than in any 
modem glacial region. 

In this country and in the north of France the valleys have been 
•excavated to the depth of from 80 to 120 feet in glacial and postglacial 
times. It ma)^ be difficult from our present experience to conceive 
this to have been eflbctcd in a comparatively short geological time, 
though the extension back to glacial time gives both greater ])ower 
and greater time ; yet it is equally, and to my mind more, difficult 
to suppose that Man could have existed 80,000 years (or 200,000, 
if Preglacial), and that (jxisting forms of our fauna and Hora should 
have survived during 240,000 years without change and modification. 
'The acceptaneo of those dates, which place the land-glaciation some 
100,000 to 150,000 years back, would also lead to the difficulty (even 
on the assumption of a rate of denudation of 1 foot in (>000 years)* 
that the surface-wear should have been far greater than it is. 
For oxami)le, to raention oulj'’ two points, could the striations on 
soluble I’ock- surfaces Jiavo remained so fresh as they are, and would 
not the limestone-rock on which the boulders of Silurian rocks 
were left on the molting of the ice on tlie Yorkshire bills show 
much greater wear than it actually does ? These boulders now stand 
on pedestals rnls(‘d from 1 to 2 feet above the suiTounding suiface-lovel 
in cons(}(|uence of the disscdviiig away of tlie limestone rocks. Wo 
should look for pedestals of mu<*h greaf-m* height if the glaciation 
took place at the distant period involved in Dr. Croll’s hypo- 
thesis. 

My first im])ression.s with respect to theYalloy of i he Sommowerc: — 
that the high-level gravels originated in early Glacial times ; that the 
intermediate stages and terraces werti form(‘d during the excavation 
of the valley as u coiKso(iuenco of the great glacial and postglacial 
floods ; and that the low-level gravels formed the concluding stage of 
those conditions. Put in the absence of data, since acquired, the 
strong prepossessions tlion existing, and the novelty of the subject, 
I was then led to conclude that the whole might be Postglacial. 

8o much evidence lias, however, since been brought forward with 
respect to the so-called Preglaeial Man, that 1 feel I am now justi- 
fied in reverting in great ]>art to my original position. The cave- 
work of Mr. Tiddeman and Dr. Hicks gives strong presumptive evi- 
dence of the earlier geological appearance of Man in the British area ; 
and 1 see no reason to doubt the suh-boulder-clay evidence of Mr. 
Skertchly, although I xvas unable myself to corroborate his discovery 
of the worked flints. Of ihe correctness of his opinion in respect to 
the stratigraphical position of the bed in which his specimen was 
found, I have, however, little doubt. The great masses of gravel in 
the neighbourhood of Mildenhall and Lakenheath, also containing 
flint implements, are certainly not of fluviatilo origin ; they seem 

* A general rate of this description is also scarcely applicable to a special 
rate, sum as that relating to valley-denudation. 
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to me to be part of the phenomena connected with the passage of 
the great ice-sheet over the eastern counties, and in that sense 
Preglacial. I hope, when more at leisure, to be able to give other 
instances. 

In the meantime, I may briefly slate iny conclusions that the 
high-level beds of the Somme Valley at Amiens, of the Seine in the 
neighbourhood of Paris, of the Thames at the Ileculvors, and of the 
Avon at Salisbur}% together with the caves above named, date back 
to Glacial or Preglacial times, not in the sense of being anterior 
to the Glacial epoch, but in the sense of belonging to that part 
of the Glacial epoch when tlic great ice-sheet wms advancing, but 
had not yet invaded the wdiolo of tliis area. The ice-flood does not, 
however, seem to have oxtonded to the 8omine and Seine Valleys, 
and there Man, driven back from more northern latitudes, remained 
in occupation possibly during the climax of tlie Glacial epoch, after 
which he reiurniKl to the old ground he had previously occupied, 
and has left further traces of his presence in the lower drifts of the 
Valley of the Thames and of other rivers of Ihigland, and in the 
caves of Crcsswell and other districts. Man w^as therefore “ Pro- 
glacial” in one sense, but should, 1 think, in another sc'iise, be 
more correctly termed “ Glacial or “ Mulglacial,” inasmuch as it 
was during the advance of the iiio-flood, and only shortly before 
the land was overwhelmed by it, that be occupied llie ground. 

In supposing that Man was present in this part of Europe in 
Glacial times, I am, however, far from claiming forliim the antiquity 
which a terra of 80,000 years would give to I'ostglacial Man, as 
usually understood. For the reasons l)cfore given, I believe that 
the Glacial epoch — that is to say, the (*poch of extreme cold — ma^ 
come ^vithin the limits of from 15,0i)0 to 25,000 years, and, for 
reasons just named, lliut of the so-called Postglacial ])criod, or of 
the melting aw^ay of the ice-sheet, to wdthin from 800(J to 10,000 
years. This might give to l\al{X)olitluc Man, supposing him to 
be of so-called Preglacial age, if we may be allowed to form a 
rough approximate limit on data yet very insuflicient and subject to 
correction, no greater antiquity than perhaps about from 20,000 to 

30.000 years ; while, should ho be restricted to the so-called Post- 
glacial period, his anliquitj" need not go further back than from 

10.000 to 15,000 years before the time of Neolithic Man. 

Looking at the facts before mentioned — that most of the species of 

onr existing land- and marine fauna and flora a])peared in true pre- 
glacial time, that is to say, in the time of the Forest-bed group, and 
were tho same as now' ; that the great extinct Mammalia of that time 
have left no descendants, but have merely died out as a consequence 
of the great changes of climate and conditions ; and the difficulty of 
conceiving that Man could have existed for a period, say, of 200,000 
years without change and without progress — looking, I say, at these 
facts, it seems to mo that a shorter estimate of time is the only 
one in accordance with all the conditions of the problem. 

This view of the question also brings the geological and ethnolo- 
gical data into closer relationship. PaEsolithic Man in north-western 



disdl^E^^Kred inth the valley-gravels. With the alluvial and 
{Mkat^beds Neolithic Man appeared, after an unascertained but not 
n^eeasarily a very long interval, geologically speaking. In Europe 
we are unable to carry back his presence beyond a period of from 
8000 to 4000 years b.c. Hut already in Egypt, and now in Asia 
Minor, it is proved that civilized communities and large States 
flourished before 4000 b.c. Civilized Man must therefore have had 
a far higher anti<iuity in those couiitrios, and probably in Southern 
Asia, than those 4000 or 5000 }ears ; so that it is possible that the 
two periods may have overlapped in Eur()j)e and in Asia, and that 
while Man in a more advanced stale flourished in the East, he may 
here in the West have boon in one of his later rostglacial stages. 


Discussion. 

The Pkesidbnt welcomed Prof. Prostwi(;h back again, and said 
that ho had been greatly missed whilst engaged in other work, for 
the result of which all were looking anxiously. The paper was 
calculated to arouse? an animated discussion. l*rof. Prostwich had 
only noticed the geological objections to J)r. CroH’s hypothesis. The 
investigations of tlio Daiiisli gc^oiogists in (irecnlund allorded valu- 
able new data. One most ini])ortant point for consideration was 
the age of the valley-gravels in England and Northern France, 
whicli Prof. Pr(?stwich liad so ably iri‘ated. 

J)r. Evans regn'UtMl that bo had to dili'er from Ibo Author, and 
commented on the boldness of giving numerical estimates of geo- 
iSgical time. It was questionable wliether tlie astronomical calcu- 
lations were quite eomjdcte. (kmsidering tlie de])osit8 formed 
since the Olacial epoch, both marine and tluviatile, ho doubted 
whether the dates assigned by llio Author sutHced. Increased rain- 
fall might account for some of the denudation, but the amount 
could not have been iramensely excessive or animal life w'oiild have 
eufJered more than it did. Marine erosion told a similar story to 
fluviatile, as in the case of the southern part of what must have 
been the old valley of the Solent, which must surely have required 
more than 10,000 or 12,(K>0 years to remove. {Still the ordinary 
views of extent of time might be exaggerated. The speaker could 
not accept as conclusive tho evidence of the proglacial age of man 
in Wales, and w^as very doubtful whether the palaeolithic implements 
found by Mr. Skcrtchly were in beds of glacial date. Homo of the 
palaeolithic implements in tlie Eastern districts were made from 
pebbles brought into the country by glacial action, and it was in- 
credible that any implements of really preglacial ago should be of 
the same type. Preglacial man might, however, have lived in 
other parts of the world. 

Dr. Gkikie remarked that Sir W. Tliorason originally had allowed 
100 millions of years geological time, and it was on this estimate 
that Dr. CroH's views were founded. Now, however, Dr. Thomson 
had limited geological time to about 12,000,000 years. The speaker 
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.doubted whether this oould hare sufficed for the known course ol 
geological evente. He wished to know the data on which Proi 
Prestwick’s estimates of time were founded. It had been suggested 
that the upper valley-gravels might be due to the melting of the ice- 
sheets and not to rivers at all. 

Prof. Botd Dawkins also questioned the figures. There are no 
standards for measuring time in terms of years outside history, in 
which not only the sequence of events is recorded, but the length of 
the intervals between them. In geological time we are dealing with 
a sequence of events separated from one another by intervals, of 
neither of which have we any certain measure. Dr. Croll’s theory 
is based on the assumption that the Glacial climate was produced 
by a change in the relation of the earth to the sun. There is no 
evidence of this. N'or are natural chronometers to he found in the 
variable rate of valley-erosion, or of the deposit of alluvium, or of 
the retrocession of waterfalls. Nor do Sir W . Thomson’s vaiying 
estimates of past time (ranging from twelve to three hundred mil- 
lions of years) help us. The antiquity of man can only he measured 
by the changes which have taken place in geography, in climate, and 
in fauna, which have been very great. The strata with palajo- 
lithic implements in Algiers, Egypt, Palestine;, and the Dekhan have 
not as yet boon brougiit into relation with the Glacial period. 

Dr. Hicks remarked that Prof. Prostwich, in giving reduced esti- 
mates of geological time, must have been desirous of converting some 
who seemed still unwilling to accept the evidence obtained, bearing 
on the prcglacial age of man, a]>parently mainly because of the 
exaggerated amount of time given to the Glacial period by some 
authors. Tho evidence ns to rapidity of motion of ice in Greenland 
tended to shorten tho necessary duration of the Glacial period. Ho 
invited Dr. Evans and all Follows to he i)re8(;nt at the new ex- 
cavations in Wales, which were to he commenced on tho Cth June. 
He described the situation in w'hich the remains of man, claimed 
to bo of Glacial ago and probably Preglacial, had been found, and 
explained the line of investigation about to bo adopted. 

Mr. De Eance stated that ho fully agreed with Dr. Ilicks in 
his interpretation of the facts observed by him. 

Mr. J. Allen Brown, after thanking Prof. Prostwich and Dr. Evans 
for their contrihiitioiis to the discussion of this question, proceeded 
to notice tho results of his own researches in the Thames Valley, 
and especiall}’ in the neighbourhood of Ealing, which indicated, he 
thought, that a lapse of time incalculably vast must have been ro- < 
quired for tho production of the observed phenomena. 

Mr. Tiddeman said that the evidence as to tho rajiidity of motion 
of the Greenland ice-sheet was most important. He did not think 
we could safely take the erosion of the limestone around the perched 
Norher boulders as a measure of time elapsed since the ice-sheet, 
because much glacial rubbish may have been removed before the 
surface of the rock was exposed to weather. The implement ad- 
duced by Dr. Evans as proving that palaeolithic man was postglacial 
in England could not prove that he was later than intergladal 
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times ; and of an interglacial land-period in England there were 
the clearest possible proofs. 

Mr. Topley referred to the relative condition of land now and 
fifteen hundred years ago, which, ho thought, must be of conse- 
quence in this discussion. From the remains of Eoman works we 
might safely conclude that the physical condition of the country was 
practically unchanged since that date ; the fords of the Eoman 
roads are often still in use, and no api>reciable amount of valley- 
erosion has taken place in 1500 years. Under these circumstances 
he thought that wo could not suppose such great changes as we 
know to have occurred could have taken place in only six or eight 
times that period. 

The President suggested that Prof. Prestwich was not by any 
means the first person to lay down fixed terms of years for the 
duration and date of tlie Glacial period ; he found very definite terras 
laid down by other writers, and merely indicated reasons why these 
should be greatly reduced. 

The Author did not attempt to fix actual definite terms of years, 
but only to show that we must not unhesitatingly accept such large 
measures of time, especially when based, as they were, upon an assumed 
and unproved necessity. He objected to remain in that state of 
ignorance with reference to time which some of the speakers seemed 
to find quite satisfactory. He referred to the observations of tho 
Danish observers on the Greenland ice, as furnishing us with certain 
definite time-results, the application of which might be expected to 
help the question. It was a simple rule-of-three sum. If the 
Alpine data were supposed to accord with terms of 80,000 and 
160,000 years, what arc the numbers which should accord with the 
Greenland data ? It is impossihle to contend that it would make 
no difibrenco, which would be the conclusion implied by tho obser- 
vations of some of tho speakers. 
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30. A Eevision of the Echinoibea from the Australian Tebtiaries.. 
By Prof. P. Martin Duncan, P'.E.S., P.G.S., &c. (Eead 
June 8, 1887.) 

In a communication to the Geological Society on the Echinodermata 
of the Australian Cainozoic deposits, which was printed in the 
Quarterly Journal of the Society, 1877, vol. xxxiii. p. 42, a list of 
the species of fossil Echinoidea which had boon published up to that 
date was given, a)id eleven new species were described. Since the 
publication of that communication, there has been an important 
addition made to the Australian Tertiary fauna by Prof. E. Tate, 
F.G.S.* * * § , who described Salenici tertiaria from the middle Tertiarios 
of Aldinga, south of Adelaide. This author also mentioned the 
occurrence of several genera which had not been considered to he 
members of the Australian Echinoid fauna, but ho did not describe 
any of their species. Observations have been published upon the 
very interesting Salenia by A. Agassiz f and myself The only 
other communications on the subject of the Echinoidea have come 
from Prof. M‘Coy §, who introduced three species of Pericosmm and 
a Clypeaster to the fauna, and, moreover, made some most valuable 
criticisms upon the work of previous observers. He has had ex- 
cellent specimens, the examination of which has thrown much light 
upon some doubtful species ||. 

In spite of the comparative paucity of species in this fauna, it has 
been very constantly before those pala3ontologists who have studied 
the other Echiiioidean faunas of the East, and who have attempted 
to comprehend the affinities of the ancient faunas and that of the 
abyssal oceans. The extrfiordinary grouping of Cretaceous and 
Tertiary, as well as of recent, types in the Australian deposits has 
not been forgotten, although research amongst the fossil Echinoidea 
of other parts of the world has diminished the intensity and value 
of this peculiarity of the Australian Echinoid fauna. 

As it is necessary that some of the species of Echinoidea should 
be revised, I have gone through the whole series, so as to leave as 
little opportunity for erroneous conclusions as possible. It will be 
found that some alterations are made which render the Cretaceous 
alliances of the fauna rather more decided than hitherto ; but they 
will not assist in the linking of the deep-sea Echinoid fauna directly 
with the Cretaceous types. 

* B. Tate, Quart. Joiim. Geol. Soc. 1877, vol. xxxiii. p. 250. 

t A. Agassiz, * Report Challenger Echini,’ 1881, p. 51. 

X E. Martin Dunctin, Ann. & Mag. Nat. Hist. ser. b, vol. ii. p. 61 (1878). 

§ F. M‘Coy, Prodr. Pal. Viet, decades vi., yii. (1870, 1882). 

II The excellent Catalogue of Australian Fossils compiled by R. Etheridge, 
Esq., jun., and published by the Syndics of the University 'Press of Cam- 
bridge in 1878, records most of the i^binoidea, and of course all which were 
known to the author. For the list of Tertiary Echinoidea, see p. 138. 
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1. CiDABis (Leiocibakis) AiTSTBAiiiE, Dunc. Quait. Journ. GeoL 

Soe. 1877, vol. xxxiii. p. 45, pi. iii. 

There is nothing to add to the former description of this species. 

2. There is another sj)ecics of Leiocidaris in the fauna, but the spe- 
cimen in the British Museum, Blanford Collection, from Baimsdale 
(“ E. 107”), is defective, there being only a portion of an inter- 
radium and ambulacrum. But the structures enable this form to be 
distinguished si)ocilically from Leiodduris australia^, nob. The am- 
bulacrum is rather undulating and narrow ; the poriferous zone is 
very slightly sunken ; the pores ai’e large ; the outer one of a pair is the 
larger and cllijjtical ; the inner or adoral is round ; they are united by 
a groove, and about seventeen pairs are in relation to a large inter- 
radial coronal plate. Inter jxniferous area with a row of small, im- 
perfect secondaries, with slightly raised scrobicules and a small boss, 
no m{i.melon, placed close to the ])oriferous zone, and a series of 
smaller secondaries nearer the median line, in a vertical row extend- 
ing along the middle of the area, hut not reaching much actinally or 
far towards tlio apex. The j>rimarie8 of the iuterradia are large ; 
the scrol)icnles arc distinct, nearly circular ; and there is a row of 
small secondari(‘S and a few granules between them and the hori- 
zontal sutures of the plates. The boss is broad at the huso and 
conical, and the maraelon is contracted at the neck and is j)erforated. 
There is no cronulation. The margin of the scrohicular circle is 
sunken, and is surrounded by a row of small secondtirios made up of 
an elongated raised scrobicule, longest transversely, and a small boss; 
there are a few sirialhu* tubercles placed beyond the circle, and 
fitting in between the larger, so as to complete the circle, and a few 
exist beyond it. Two or three rows of still smaller tubercles extend 
along the plates beyond the circle towards the median line, and the 
median area of the interradium is narrow. 

Numerous spines are in the collection, and the large and nearly 
smooth ones may be associated with this genus. 

3. GONIOCIDAIUS, sp. 

Tlierc arc several spines of a species of this genus present in the 
Capo Otway deposits. 

4. Salenia TERTiAiiiA, Tate, Quart,. Jouru.Geol. Soc. 1877, vol. xxxiii. 

p. 256. 

This interesting species has been examined by mo (‘ Annals and 
Magazine of Natural History,' 1878, ser. 5, vol. ii. p, 61), and recon- 
sidered by A. Agassiz (lieport on the ‘• Challeiiger’ Echini, p. 51, 1881). 
It is a most interesting form, and large and well-grown. 

The occasional entry of one of the radial plates into the formation 
of the anal ring is not enough to remove the species from the genus, 
for a similar entry is also inconstant in the recent Salenia Juistigera, 
A. Agass. Moreover, Cotteau, Peron, and Gauthier have described 
Algerian Cretaceous Sahnhv, which have a radial plate entering the 
anal ring ; and SaUnia Blanfordi, Dune. Sladen, from the Eocene of 
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Sind, has a similar character. There is now no doubt that the suc- 
cession of the species of Salenia has been from the Cretaceous age 
through the Eocene and Miocene to the present day, and that the 
definitions of the species indicate that the principal generic characters 
prevail in all. But it does not appear, from the consideration of the 
species of MoUusca, or of the other species of Echiiioidea which are 
found in the same deposits as JSah nia tertiaria, Tate, S, Fella ti,, 
Cott.* * * § , and 8. Blanfordi, Dune. & 81a den t, that they wore dwellers 
in deep water. Certainly the same kind of evidence, when applied in 
the instance of the Cretaceous forms of the genus, does not show 
that the}^ lived under the same conditions as those species which 
have been dredged up from great depths. It would bo more correct 
to say that there is no evidence to show that the ancient siiocies had 
the same bathymetrical range as the recent forms. A. Agassiz, in 
his report on the ‘ Challenger ’ Echini, 1 881 , p. 20}), explains that the 
range of the species as a grouj) is from GO to 18r)0 lathonis, and it 
may bo reasonably assumed that the Tertiary s]>ccies did not exist 
at the cxtreinc depths, but that they and the Mollusca whicli were 
found associated with tliem were dwellers in a less dei>th than 500 
iathoms. 

5. PsAMMEcmxtJs WooDRT, Laubo, 1869, Sitzungsb. Akad. AViss. 

Wien, Bd. lix. p. 185 ; 11. Etheridge, jun., Quart. Journ. Geol. 
8oc. .1875, vol. xxxi. p. 447. 

The specimens of this Pmrnmeckinrts in the collc‘ction of the 
Geological Society are fairly i)reservecl, excej)t in the apical system. 
They arc small and tall, and (au’tainly have triple compound plates 
formed upon the true Ediinas prijunple ; but although Mr. 
Etheridge, jun., has figured the apical system of a specimt^n in the 
Blanford collection now in the British Museum, which is similar to 
that of a common s] nicies, it will ])e observed that the Auslraiian 
forms arc somewhat iinusiuil and aberrant. 

0. ORTTfOLornus llnkatus. Dune. 

Temmcliinvs lineatus. Dune. Quart. Joum. Geol. 8oc. vol. xxxiii. 
1877, p. 46. 

This form has given a vast amount of trouble in its classification, 
and it has been necessary to define a new genus for its reception. 
When the species was included by me in the genus Temnechinm, 
Eorbes, the morphology’ of the plates of that genus and of Temno- 
pJeurtis was not known ; hut subsequently a considerable number of 
Echinoidea, which liad been placed under TemnopUurus, Agass., by 
d^4.rchiac and Haime, were studied by Mr. Percy 81a den and 
myself A few years ago § the morphology of the coronal plates of 

* Rev. et Mag. do Zool. b^t. 2, t. xii. p. 222 (1860). Eocene. 

t Pal. Ind. ser. xiv. Foss. Ech. W. Sind, pt. 2, p. 28 (1882). 

1 Pal. Ind- ser. xiv. Foss. Ech. Sind, pt. 2, p. 36 (1882), Foss. Ech. Each, 
p. 54 (1883). 

§ Journ. Linn. Soc., Z<)6\, 1882, xvi. p. 447 ; also A. Agassiz, Beport on 
^ Blake ^ Echini. 1883. p, 37. 

Q.J.Q.S. J^^o. 171. 2 f 
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ti was puliHsbed, which anshles the 

r^geaiera to he well separated. B’Archiao and Haime * passed very 
abruptly over the claims of Temneeldrms^ Porhes, and placed all the 
heautifhl forms they discovered amongst the Sind Tertiaries in the 
genus Temmplmrus, They should, however, have been placed in 
Temnechinus. But associated with these forms were others which 
had a raised costulate ornamentation only, without furrowing of 
sutures or the presence of true and false pits. By the light of the 
morphological investigations, these species were removed from Tern-- 
nopleurus^ Agass., and Temnechlntis, Forbes, and associated with the 
genera DictyopUurus, Araehniopleurus, Dune. & Sladen, &c., and it 
is in their neighbourhood that the species formerly named Temne- 
ehintis liti€atu,% nob., must come. In fact it is correct, from what 
is now known, to distinguish ihree alliances of genera, the Temno- 
pleuroid,tho Temnochinoid, and the Diotyopleiiroid, and the species 
under consideration must come within the latter group. 

Dp to the present time no true Temnoplmrvs or true Temnecliinus 
has been found in the Australian Tertiaries. 

Laubet discovered and described an Echinoid which, unfortunately, 
had no apical system ; but the basal and radial had loft their 

impressions on the test surrounding the p(‘ri])roct. The ornamental 
characters associate this form with the Tertiary Dictyoplouroids of 
8ind and Kach, but there ar(‘ more than spceitic distinctions between 
Paradoxeclilnns novus^ Laube, and the costulatedforin called Temne^ 
chinns lineatas. 

It is, however, evident that the apical system of the form which 
was it'rmed Teinnevhhms JineaUns, and which it is now proposed 
should enter a new g(‘nus, Orthofophm^ is small, and not one half of 
the dimensions of that of J*(tra(lo,reclibtvs^ the measurement being 
made across the vacant s])ace8 and as far as any evidence of former 
structure occurs. 

The so-called Ttnuuchinus had not the elongated periproct of the 
genus iJicttfopIetfrKs and of P(tradu,richlnm^ and no radial plate 
entered the periproct al ring as in those gtmera. It is therefore 
necessary to define a goniis for the species, which has a small apical 
system and a remarkable straight andcio'svdcd transverse costulation 
of the test. 


Genus Ortuolopufs, gen. nov. 

The test is small, low, more or less pentagonal in marginal outline, 
Bubcojiioal above the tumid ambitus. Apical system (wanting). Peri- 
proct small and circular. Ambulacra one half of the width of an inter- 
radium at tho ambitus, straight, with slightly sunken poriferous 
zones ; pairs in ill-defined trijdets nearly in straight scries, appear- 
ing on the edges of transverse cost®. Compound plat os with a central 
demiplate, the others primaries. A vertical row of small imperforate 
non-crcnulate primax}^ tubercles is close to tlm poriferous zone, and 

^ Anim. Foss, de ITnde, p. 202. 

t Latijbe, Sitzungsb. Akod. Wiss. Wien, Bd. lix. p. 186, fig. 2 (1869). 



tike «rea ia iawSed -with neatly straight lidge-Hhe ooste, 

passing from thn bases of the primaries almost transTersely, and 
carrying small secondairies. Interradia with two vertical rows of 
primaries of the same size and structure as those of the ambulacra, 
their scrohicules raised and united with those above and below by 
vertical straight costae, and with those of the opposite row by 
numerous crowded, transverse, straight costae, with small secondaries 
on them. Peristome small, almost without cuts. 

Obtholophtjs lineattts, Dune. (See the description of the species 
under the generic head of TemnecJiinus^ Quart. Journ. Geol. 
Soc. vol. xxxiii. p. 46.) 

The dimensions of the specimen are : height 8 millim., diameter 
14 millim., width of apical system 4 millim. 

The alliance of this form is closest to the recent Trir/onoeidaris^ 
A. Ag., and it is the representative of the DicUjopleuri of the 
Tertiaries of Sind, Kaoh, and Egypt. 

7. PARADoxKcniNUs NovFs, Lanbc *. 

The impressions left by the basal and radial plates upon the test 
close to the anal margin indicate that the last-named plates were 
placed between the others, and that they all entered the anal ring ; 
the anal opening was large, and the apical system appears to he de- 
pressed according, to Lauhe's evidently correct drawing of the species. 
The height of the tost is 6*5 millim., the diameter 13 millim., and 
the diameter of the anal opening 7 millim., whilst that of the 
peristome is only 4 millim. The pairs of pores are on the plates of 
the test, and not upon costm, and the oblique direction of the zigzag 
of bunches of cost® is very striking ; the primary tubercles are 
neither creiiulate nor perforate. The branchial cuts are very small. 
This is a well-defined genus and species, and if the statement about 
the apical system just made turns out to be absolutely correct, then 
the alliance is with the Eocene Dtciyoplewri of Sind and of Egypt. 
Cotteau has defined a genus, CoptevMmiff (“ Ech. nouv. ou pen 
connus,” Extr. d\i Pull, de la Soc. Zool. de France, 1 884, faso. 2, 
p. 27), and the species is from the Miocene of France ; but the fo m 
so well described is clearly a species of Faradoxechrnus, that genus 
having escaped the observation of the distinguished French blchino- 
dermatist. It is very interesting to bo able to trace this westerly 
development of an Australian genus. Farado,vec7mius novus was 
found in the deposits of the Murray Cliffs, South Australia. 

8. Clypeastek folium, Agass. Cat. rais. p. 73; Desor, Synopsis, 

p. 243. 

A variety, var. domjaia. 

So long ago as 1864 I asserted the presence of Clypeaster folium, 
Agassiz, in the Murray Cliff’s and at Mount Gambier, South Australia 
(Aun. & Mag. Nat. Hist. 1864, vol. xiv. p. 166). But Mr, It. 
Etheridge, jun., in his communication to this Society in 1875, 
>*' Tom, cit. p. 186, fig. 2, 
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resnarked that he had compared the Bpecimens identified with Cly^ 
peaater folium with Monostychia australis^ Lanbe, and that he found 
them one and the same. In 1877 I accepted Mr. K. Etheridge’s 
correction with a necessary explanation (Quart. Journ. Geol. Soc. 
voL xxxiii. p. 48). But there is at least one excellent specimen of a 
(Jlypeaster in the National Collection (Blanford Coll., Geelong, 
Victoria E. 1,108, marked X), and it has the specific characters of 
Clypeaster folium, Agass. The 8]>ccimen was compared with a small 
Clypeaster folium from the Miocene of Corsica, in the British 
Museum, and with a full-grown type from Malta, also in the 
National Collection ; careful measurements were taken, and with the 
following results : — 

The relational measurements of a small Clypeaster folium from 
Corsica (length 47 millim. ; 47=100) : length 100, width 05*7, 
height 1 7. The measurements of the largo type from Malta, the 
length being 93 millim : length 100, width 86, height 18*4. 
The measurements of the middle-sized specimen from Geelong 
(length (JO millim): length 100, width 84*8, height 17*4. The 
comparison of those measurements with those taken hy 3I‘Coy of 
Clypeaster yippslmidicus shows that the height of that form is 
much greater than that of Cly pea ster folium, being 27 in relation 
to 1 00. In the form which I consider to bo a mere variety of 
Cl ypeaster folium, Agass., the ])Otaliferous part of the ambulacra is 
very slightly raised and the flatness of lljo tost* is very marked. 
But there are the same characters, regarding sha])c and relative size, 
in the petals of tho throe specimens measun'd. In a typical 
Clypeaeter folium the anterior ])etal is flic longest, and its breadth 
is the same as that of one of the antero-latoral petals, which is, 
however, shorter; the postero-lateral ])etals are the shortest and 
widest. The measurements in the Australian type are : — antenor 
arabuhicral petal 18 millim. long and 12 millim wide ; antero- 
lateral petals 1 6 millim. long and 1 2 millim. wide ; postero- 
lateral petals 11 millim. long and 13*5 millim. wide. Tho anterior 
petal is widely open, and tho postero-lateral are less so, hut are 
large distully, and the antcro-lateral petals are nipped in near 
the end where the pores of the opposite zones approach to a con- 
siderable extent. Iliis narrowing of tho distal ends is very striking 
and persists in all the specimens. 

The 8liay)e of the test of the Geelong form is rather longer than is 
usual in European specimens, and there is perhaps a little more 
rounding of the thin i)osterior margin of the test. The shape 
differs materially from that of Clypea^ter yippslandicus, JkBCoy, 
and the ornamentation of the costae of the poriferous zones and of 
the test between the tubercles is also different in the two forms. 

If the Geelong Olypeaster had been found in Malta, it would have 
been put down at once as a variety of Clypeaster folium, and I 
therefore give it that name. 

9. Clxpkasteb gippslandictts, M'Coy, 1879 *. 

Echina^Uhus i^siudinarius, Gray. 

Prof. M‘Coy considers that EcMnantlius testudinariut, Gray, which 
^ Prodr, Pal. Viet dec. vi 1879, p. S3. 
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was stated to be a fossil in the Mitchell-river Tertiarics by Mr. 
Tenison-Woods and myself, is a species of Glypeaster. The classifi- 
catory position of the form I examined was a subject of doubt, as 
will be gleaned from the following extract : — “ Except in some slight 
points in which there is great individual variation in the recent 
forms, the fossil agrees with those which Gray called E. testudinarius 
and E, austrcdice^ the latter of which has been absorbed by the 

former The species is interesting from its close resemblance to 

a Clypeas^ter ; but it has no pores close to tlie sutures of the plates 
within the ambulacra on the acdinal surface 

M‘Coy has shown that the internal structure of the test is that of a 
Clypeafiter^ according to A. Agassiz, and he has investigated the 
subject of the ambulacral pores and finds that they are variable ; 
but probably that is produced by fossilization. 

Prof. M‘Coy considers that the morphological distinction between 
Clypeaster and Eehlnauthm, according to A. Agjissiz, is l)arely sufii- 
cient to separate the genera ; and it must bo remembered that, wdth 
the exception of the greater concavity of the actinal surface in 
Echinanihas, the other structural differences are internaJ, The 
specimen examined by Mr. Tenison Woods was not studied by me, 
and Prof. !M‘Ooy has not had the advantage of examining the very 
largo form which was noticed in ray former communication, and 
which is in tl 10 collection of this Society. It is exceedingly Echi- 
nanthine in its general appearance, but "the test is flat acjtinally for 
some distaii(;o towards the deeply sunken XH*ristome. The relative 
measurements of Clypeaster yippslandicm^ M‘Coy, are; — length 
90 niillim.sr: 1 (.)(), width 88, height 27. Those of the large form 
now under consideration are : — length 105 millim. - 1 UO, width 85*7, 
height 31. The suspicion that the two forms are not specifically 
identical is somewhat aroused by the relativi^ increase in length of 
the larger form, and is iuteusilied by the petals of the larger form 
being much broader than those of the other ; moreover, the jjostero-. 
lateral petals of the Gippsland species arc longer than those of the 
larger form. If the drawing of tlm terminations of the petaLs given 
by Prof. M‘Coy is correct, there is almost, if not (pnt(^ a specific 
difference between the forms, for the antero-laleral petals are tend- 
ing to close, and are rather narrow externally, in the form which 
came under my observation. In fact there is a facies about the 
petaloid part of the test which recalls Glypeaster folium, Bubject 
to this expression of doubt, I agree with M‘Coy in considering the 
form to belong to his Clypeaster gippslandicus. 

In my former communication (p. ($0) I expressed my belief in the 
identity of Monostychia, Laubc, and Arachnoules,^ Klein, mainly 
owing to the furrowing of the ambulacra ; and the drawing and 
description given by Laube of the internal supporting structures of the 
test (Lauhe, “ Fossil Echinoidea from the Murray Cliff's, Bitzungsb, 
Akad. Wiss. Wien, vol. lix. Bd. i. 1869, p. 188, fig. 3 c). At 
that time the reasons for separating the genus Monostychia from 
Araelinoides were the not invariable supramarginal position of the 

* Quart. Joum. GeoL Soc. vol. xxxiii. (1877) p. 47. 
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^plpoet was Tamhle in Jr^u^himdes^ and that it wa^ found qtdts 
leoal^iiial, as wall as inftamarginal, in Mmostychia, M^Ooy figured 
the internal supporting stnictures of Monoatydhia in his ^ Prodromus/ 
and it agrees generally with the drawing by Laube, and there are 
no structures to be seen near the margin of the test. He considers 
Monostychia a good genus and retains it. Having had the oppor- 
tunity of examining very much better specimens than those which 
I studied formerly, and having seen a fortunate fracture of a speci- 
men of Monostychia australis, Laube, I still find myself in the 
difficulty of not being able to agree with my fellow-workers. My 
reading of the nature of the internal part of the test docs not agree 
at all with that of my predecessors. Put it is necessary that I should 
state that, had I seen the spooinion I now allude to, I should not 
have placed the specimens in relation with Arachnoides. The new 
specimens have enabled mo to make out the distribution of the pores 
beyond the polaloid parts of the ambulacra, and to describe the 
nature of the jilating of the actinal surface, and the nature of the 
plates which enter the peris tomial margin. It now appears to me 
that the alliance is with Clypeaster, a notion which, so far as I am 
concerned, dates back to lhf)4. 

In the figures puhli&liod both by Laube and by Prof. M‘Coy no 
internal supporting structures are seen near the edge of the test. 
This is unlike the structures of all Clyjx'asters ; hut on examining 
the worn edges of several of the tests in the Natioiuil (V^Uection, the 
presence of upright and small needle-shaped pillars became (wideut, 
and this Clyjieastroid cliaracter became still more pronounced on 
studying one of the spoeimeiis which had been fractured across. In 
the best-prcsorv(‘d specimen the appearance of the structures which 
occur between the upper and the actinal parts of the test within is 
. almost exactly identical with that jiresented 1>> Clypeaster suh- 
depressus. Gray, sp. ^Fhe needle-shaped pillars witli different 
diameters are the same in strneturc as those represented in A. 
Agassiz’s ‘ lievision of the Echini," lb74, pi. xiii. fig. J 5. The flatness 
of the test is quito equalled in small specimens of Clypeaster folium 
from*Corsica ; and there is no ap]>reeiablc difteroiice in this respect 
between a rather elongated specimen of the Clypeaster and the 
young specimens of Morostychia in the collection of the Society. 
In both genera the ambulacra are grooved radially on the actinal 
surface, hut in the Australian forms the groove is continued defi- 
nitely over the margin, and reaches up close to the actinal system ; 
moreover, tho edge of the lest is notched at the ambulacral margins 
at the place where tho grooves arc seen. The groove is not a simple 
depression of tJie tost along the median lino of the ambulacrum, for 
close to tho peristome there is a slight median ridge, which is also 
seen on the little projection which each groove makes into the 
peristome and beyond the rest of its plates. In one specimen, pores 
are seen on either side of the ridge, and connected with it by indis- 
tinct grooves. Beyond the pores, and just within the interradial 
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granules. The peristomial termination of eaoh groove is in two 
torminal ambulaoral plates, which are narrow, and each pair of 
nmbulacral plates is separate from its neighbours, on either side, by 
a single peristomial interradial plate. The second ambulaoral pair of 
plates are larger than the peristomial, and are sutured along the 
median line of the interradia with the neighbouring pair of ambu- 
lacral plates, there being no interradial plate intervening. This 
discontinuity is as in Cli/peaster. The second plates are marked 
with obliquely arranged granules, and are pierced by numerous 
small pores, so that two triangular areas are thus marked, the base 
of each being in contact along the median line of the ambulacrum, 
one side being along the aboral suture of the plate, and the third 
side being along a line drawn from the peristomial end of the median 
suture of the plate across to the aboral and interradial angle of the 
plate. A corresponding ornamentation occurs on the next aud some 
other pairs of plates, and is comparable with the peculiar ap})earance 
* shown by A. Agassiz in his drawing of the actinal surface of Clype- 
aster liaveadlii^ A. Ag. (“ Echini of the Blake Expod./’ Mom. Mus. 
Comp. ZooL Harvard, vol. x. Ho. 1, 1883, pis. xv. 6, xv. c). 

There are very few xjores to bo seen in the groove abaotinally, 
and the ambulaoral plates beyond the pctaliferous jjart are crowded 
with minute i)orcs close to the groove, but not far from it. 

The position of the perix)roct is infraraarginal and rarely at the 
margin, and there is slight swelling of the test (not so much as in 
Laube’s figure) actinally and abactiiially along the i:>ath of the 
intestine in relation to the x)osterior interradium. 

The jaws are not seen in any of the specimens, but it appears 
that the low i)erignathic ridge-process is jdaced, as in (JlypeMder, 
upon the edges of the peristomial ambulaoral plates. 

The coronal plates, actinally, arc well marked near the margin of 
the test, and the petaloid parts of the ambulacra resemble those of 
Clypeaster ; hut the interradia are greatly diminished in breadth 
near the aiucal system. 

The apical system is small aud the madrei>oritc is central and 
button-shaped, the four genital pores being immediately external 
to it. There is no i)osterior genital opening. 

Two young specimens show that the notching of the margin and 
the distinctness of the abactinal grooves are matters of growth ; and 
it is quite pardonable for any naturalist who is aware of the great 
diversity of shape assumed by Clypeastroids in their youth to place 
the young forms out of the genus or subgenus Monostychia. It is 
evident that while there are some structural resemblances to 
Araclinoides in the actinal part of the test, the principal structural 
characters of physiological importance are all Clypeastroid. 

There are not sufficient data to sei)arate the species from the 
very flat Clypoasters, and I propose to retain Monostychia as a sub- 
menus of Clypoasier. 
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10. Cltpbasteb (Monobtychia) AtrsTRALis, Laubo, op. eit. p, 190. 

ArachnoicUs australis. Dune. op. eit. p. 48. 

Arachnoides australis, var. elongatm. Dune. op. eit. p. 48. 
Clypeaster (Mo^iostychia) Lovmi, Dune. 

11. Clypeasteb (Monobtychia) Loveni, Dune. op. eit. p. 47. 

It is proposed to omit Eehinaraelinius parma from the list, and it 
is nooossary to observe that fragments of a species of Fihularia and 
of an allied genus are in the collection at the llritish Museum, 

12. Eohinobrissxjs AtrsTUAms, Dune. ^ 

There is nothing to add to the descri])tion of this species, wliich 
is closely allied to the recent species of the subgenus NucleoUtes. 
The anal groove is long and pronounced in the Australian species, 
and, moreover, some of the i)air8 of pores are conjugate and others 
non-conjugate. 

13. Catopyotts eleoans, Laube f. 

It will be interesting to kriow whether this species dihers from 
the CrotacoouH species in tlu^ same manner as the recent Vatopygiis 
reoem does. This last-mentioned species has but a single row of 
pores, reaching from tlio pctaloid ])art of the anil)ulacra to the 
peristome, and not a row of pairs of pores on either side of the 
ambulacra. The position of the periproct is not that of the Cre- 
taceous forms. ISee A. Agassiz, ‘ llo])ort on Challenger Echini,’ 
p. 123. J boli(we that the Tertiary ajid recent Vatopyyi should be 
placed in a subgenus. 

14. rYOOKHTNCHiTS Yassaij, Wright}:. 

15. Echinolampas ovtjlxjivi, Laube §. 

This species was very shortly described by Laubo and not figured. 
The raeasuromeiits of the test were not given. The i)entagoijal, ovoid, 
and somewhat rostrated high form and the very broad ambulacra 
distinguish the si)C(3ie8 from all otliers. A specimen in the Eritish 
Museum, Elanford collection, is 57 millim. long, 49 millim. broad, and 
33 millim. high. There is but slight difference between the lengths 
of tlie poriferous zones and the antero-latcral ambulacrum, 20 
millim. long and 8 millim. broad, the posterior one 23 millim. 
long and 95 millim. broad, 

16. Hotastek AUSTRALIA, Duuc. op. eit. p. 51, pi. iii. figs. 12 
and 13. 

There is no alteration required in the description of this species 

* Dune. Quart. Joum. Geol. Soc, vol. xxxiii. p. 50. 

t Laube, op. cit. p. 190, fig. 7. 

i Dune. op. cit. p. 51. 

§ Laube, op. cit. p. 191. 
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except in the matter of ornamentation. The ornamentation is of 
small tubercles, crenulated and perforated and surrounded by a plain 
scrobicular area flush with the test : the scrobicules are separated 
by a very delicate granulation. This ornamentation is largest 
actinally and resembles that of H, snhorhicularis, Agass. The 
shape of the test resembles that of //. Perizi^ Sismoiida, and the 
very shallow anterior groove is smaller than that of //. suhjlohosus. 
The flguro of the apical disk is in part incorrect^ and the woodcut 


Apical System o/‘Ifolastor aiistralifit^, Duncan, 



now given should supersede it. Tliis is a true JJoJasfer^ and so is 
the ftp(‘ci(!s which I wrongly attributed to an abnormal form oilihyn^ 
cliopyyus — 11, dysasteroidts. Dune. 

17. Holaster BjppiciLis, Dune. 

lihynchopifyus dysaster aides. Dune, on, cii, p. 40, pi. iii. figs. 
0 and 10. 

The specimen has been crushed from a}) 0 ve downwards, but there 
is no doubt in my mind now that the apical system is ITolasteroid 
and not Dysasteroid. The ornamentation is llolastcroid. Other- 
wise the descriptive part of the notice of this species given in the 
communication now under revision is correct, but all the references 
to the affinities on p. oO are erroneous. Doth of the Holasters camo 
from the Upper Coralline beds, Castle Cove, Cape Otway. 

18. Micraster BREVISTIILXA, Laubc, op. cii. p. 192, fig. 7, non 8 ; 
and li, Etheridge, jun., Uuart. Journ. Geol. Soo. vol. xxxi. 
p, 448, figs. xi. & xii. 

This species has been fully elaborated by the above-named 
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authors, and it is especially mentioned here in order to bring it into 
relation with a Micraster from the Indian l^ummulitic deposits. 

The height and general tumidity of the test and the short ambu- 
lacra separate the Australian form from all the Cretaceous species 
of the well-known genus ; but in these details there is an evident 
alliance with MkrmUr tumidus^ Dune. & Bladen, from the Khirthar 
or true Nummulitic limestone of Western Bind (Pal. Ind. ser. xiv, 
pi. iii. p, 189, 1884). This species, from older Tertiaries than those 
of Australia, has slightly longer and wider ambulacra than the 
other, and in both the evidences of a subanal lasciole are not 
satisfactory. The ]) 08 tenor groove loading from the margin to the 
periproct is more decided in the Australian form, and the whole of 
the posterior surface is wider in the Australian form than in the 
Indian. The British Museum specimen is 50 millim. high, 62 millim, 
long, 51 millim. broad, and it has traces of a subanal fascicle (not a 
lateral one, as stated in the former paper). 

19. Makistia akomata, Dune, op, cit, p. 52, pi. iv. figs. 1-4. 

The abnormality in this species is the presences of a more or less 
discontinuous fasciolo just above the ambitus. Since the description 
of the species, A. Agassiz has found a corresponding fasciolo in a 
recent species. 

20. Mkgalastkr coMPKKsstrs, Dune, oj), cit. p. 62. 

The s|) 0 (;ics is retained provisionally, for the ornamentation has 
jilmost all disappeared and the possibility of its turning out to be 
a Pericosoim is considcTable, as will be understood after reading 
M‘Coy'8 observations on that genus. But it must be admitted that 
the specimen in the British Museum does not show the least trace 
of faseiolos, and that tliero are clear specific distinctions between 
it and any species of Pcricosinns, leaving out the consideration 
of the fasoioles. The length of the specimen (E 296, B.M.) is 
5 inches, the width 4*75 inches, h(‘ight 2*1 inches. The apical 
sysiom is more or loss detieieut, but the radial plates are small, 
obscurely (juadrangular and longer than wide ; the tentacular pore 
is very large, the poriferous jdatos of the ambulacra, near the radial 
plates, are small and perforab^d by pairs of minute tbramiua ; and in 
the posterior lateral ambulacra, at about- the sixth plate, the plates 
dip down into the ambulacral groove. At n little distance from the 
small plates the others become large, low and broad, and the inner 
pore is large and slightly elongate, although, on the whole, circular 
in outline, and the outer jK^re is very long and most open externally. 
There is no groove between the pores of a pair, and the pairs are 
separated by very distinct and ornamented costae. The anterior 
ambulacral pores arc all small and circular and become very distant 
halfway down the very deep and broad groove. The postero- 
lateral petals are slightly wavy, long, narrow, and deep ; they are in 
a narrow depression of the test, so that the poriferous zone does not 
come up to the level of the test, but is on the flank of the depression. 
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!rhe leng^ of these petals is 31 millim., width in the middle 
6 millim., extreme depth of the depression 6 millim. There are 
forty pairs of pores, and the interporiferous area is very equal in 
width throughout, except near the radial plate, and is slightly 
narrower than the poriferous zone. The antero-lateral petals are 
longer than the others (33 millim.), their width is (>*5 millim., 
and they are shallower, 4 miUim. The highest part of the test is 
in interradia 1 and 4, and near the aj^cx, which is excentrio in 
front. The slope is sudden from the apex in front, and gradual 
behind for a short distance, and then there is some, tumidity of the 
posterior interradium. There is no keel there, aud the interradium 
is rather narrow on account of the angle made by the ambulacra 
being 60 degrees. 

The anterior petals diverge at an angle of 120 degrees. The 
posterior truncation is low aud broad, and the perii)roct is close to 
the upper edge of it and is elliptical transversely. Width of the 
truncation 60 millim., height 35 millim ; height of the periproct 
11*0 . millim., width 21 millim. There is a slight re-entering 
curve quite at the posterior aciinal edge. The actinal surface is 
very flat, and the lai'ge, wide, very anteriorly placed mouth has a 
downward projecting labium 22 millim. broad. 

The ornamentation is largest on the flanks of the anterior groove, 
and consists of small perforate mamelons on conical bosses, crenu- 
lated and placed on a level, large, i)lain serobicule, with miliary 
granules on the edges. Elsewhere the tubercles are smaller, and 
there is a small granulation between their more distant scrobicules. 

Locality^ Murray Clifts. This specimen is sliglitly larger than 
that which was figured in the former communication and which, 
unfortunately, has been mislaid. 

21. rEiticosMUs GiGAs, M‘Coy, Prodr. Pal. Viet. dec. vii. 1882, pis. 64 
& 65, p. 15. 

This huge s})ccies attains the length of 7 indies 6 lines and is 
nearly as broad, the height, however, being only about one half of 
the length. The specimens described by M‘0oy are wonderful, and 
the minute ornamentation, the peripetalous fasciolo clinging to the 
petals and reaching along the anterior one to behind the deej) notch, 
and the lateral fasciole are very characteristic of the genus. The 
lateral fasciole is, however, more or less discontinuous in the species. 

22. Pericosmus Nelsoni, M‘Coy, op. cit, pis. 6<> & 67. 

This is another weU-marked species. 

23. pERicosMTJS COMPBE8SI7S, H‘Coy, op, cit, pis. 67 & 68, p. 21. 

This is a large and compressed species, and has a very close resem- 
blance in shape to Megaluster compressus^ nob. (Quart. Joum. Geol. 
Soc. 1877, vol. xxxiii. p. 62). Supposing Megalaster compressus to be 
a well-scrubbed fossil, from off which all traces of fascicles have been 
worn, may it not be a Ferkosmus, and is it not a worn Fericosnms 



XiOTENiA Fobbesi, Woods & Duncan. 

A passage in M‘Coy’s ‘ Prodromus ^ places palaeontologists in a 
COTLsiderable difficulty regarding the correct authorship of this 
species. Is it to have the names placed after it as above, or ought 
the name oi Prof. M‘Coy to stand in their place? It does not 
matter much to whom the naming of the species should be 
accredited, now that the whole of the morphology of the test has 
been published. Put, divesting this subject of all personal feeling 
(and I am glad to say none has ever be(ui felt by Prof. M‘Coy and 
myself), the quostion tunis upon the old settlement of former 
disputes. Are AJS. names of species to take priority? It has been 
decided over and over again that MS. names do not take priority of 
those which have been accompanied by comprehensible and pub- 
lished specific definitions. This interesting form has (^uite a 
literature of its own, as may he noticed by reading Mr. 11. Etheridge, 
jun.'s, elaborate communication to the {Society (Uuart. Journ. til col. 
8oc, vol. xxxi. p. 145), and by referring to the essay of which this is 
a revision. Since those pages were writtori, Prof. M‘Coy has given 
a still more elaborate history of the species. 

The first discoverer of the Jilcliiuoid was Sturt, the traveller, who 
named a- common Urchin, in 1832, JSpatanf/us Hoffmann% Goldf. 
The identification was erroneous. 

In 1852 Forbes gave some lectures at the iMuscum of Practical 
Geology, London, on Gold, &c., and they were published. The 
Echinoid was mentioned by him as a SpaUnujus^ without a 
specific name, and an imjierfcct figure was given of it. In 1 859 
M‘Coy named the s])eeimens in the Melbourne Museum, and wrote 
Spatangns Forhc.n on the tablets, lie did not write or publish any 
description of the species. In 1892 Mr. Tenison Woods published 
a drawing of the Eeliinoid in his ‘ (Jeological Observations in South 
Australia,’ and called it /Spatattgiis Forheni. In 1804 1 could not find 
any description of the species, and showed that it was a JJemiputagiis, 
from the nature of the si)eciuieiis sent to me by Mr. T. AVoods. I 
described this si)ecies, naming it IJanipatagus Forhisi^ Woods & 
Duncan, and had the t}po drawn (‘ Aniials and Magazine of 
Natural Histor^^’ ser. 3, vol. xiv. p. 105, pi. 0). In 1800, 
Laube named the species 11. Forbesi^ and jdaced Air. T. AA^oods’s 
name after it. He had not seen my communication, I i)resume. 
In 1875 Mr. II. Etheridge, jun., advanced the knowledge *0! the 
morpholog}^ of the test by discovering a siibanal fasciole (Quart. 
Journ. Geol. 80c. vol. xxxi. p. 445) in a form which he considered 
specifically distinct from Ji. Forhesi, AA'oods & Duncan, hut which 
must now he considered to be a variety. He recognized the pro- 
priety of associating the names of Mr. T. Woods (who gave me 
such assistance in describing the species that I was bound to con- 
nect him with my work) and myself with Hemipatagm ForbesL 
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la 1877 I found the internal fesciole of the test, and completed the 
description of the morphology. But as the species could no longer 
remain as a Hemipatagus^ I placed it within the genus Loveniay 
and the species became Lovenia Woods and Duncan (Quart. 

Journ. Geol. Soc. 1877, vol. xxxiii. p. 58). 

In the Prodr. Pal. Victoria, dec. vi. p. 39 (1879), Prof. M‘Coy 
considers that “ I, also, will probably prefer to leave it now under 
the old authority,'*’ meaning that the species should stand as Lovenia 
Forhesi, M‘Coy, sp. It is, of course, not of much importance 
whoso name is to stand after the species, provided the palaeontologist 
who is studying the Australian launa can be directed to the first 
and most correct specific definition. That given by M‘Coy, in 1879, 
leaves nothing to bo desired, nor is that given previously by me 
otherwise than correct. 

If M8. names on a tablet in a museum arc to bo of greater value 
than careful de8crii>tions and delineations, then tlie best plan will 
be for the recognizers of new forms sim]>ly to name them and 
to leave the description to the chapter of accidents. As a personal 
matter, I would leave the name to bo placed after the specific 
name as Professor M‘Coy wishes ; but it is not in the interest of 
science to do so, and the personal names placed after a s]>ecies 
must be those of the first writers wh(> first defined the 8]>ecie8 
so that it could be recognized by subseciuent observers. 

M. Pomol (< Theses par A. l^mel, Class. nuHhod. Eoh. viv. ot 
foss.’ Alger, 1883, p. 28) has diagnosed a genus ASarsella, which 
differs from Lovenia, Desor, in not having the amjmlLo visible on the 
inner surface of the test beneath the suukcai s(;robi('ules of the 
primary tubercles, Lovenia Forbesi is included by ]\L .Pomcl in his 
genus. Now the occurrence of these projections, rounded in shape 
and with a depression in them, are in relation with the bases of 
the smaUor actinal tubercles as well as the more im])ortant 
large primaries (A. Agassiz, ‘ Kevision,’ ]>1. xxxviii. figs. 28 k 28') ; 
they arise from the thin condition of the test, and the hollows are 
the involuted bases of the tu])erclcs, whilst the swellings are the 
inward projection of the scrohicules. The tliicker the test the less 
visible are these characters. They are visible in the recent forms ; 
but unless a fossil Lovenia be so preserved that llio matrix within 
clears out readily, there is no opportunity of noticing whefber this 
particular structure prevails in the stout tests. In the only instance 
I have had of a form with an unusually delicate test, and which 
was fractured, I saw sliglit relics of the roundings wu'thin. As all 
other characters of physiological value are the same in the recent 
and fossil Lovtnioi, and as the character relied upon by M. l^omel is 
not of primary physiological value, 1 do not consider that he has 
shown the necessity for the introduction of a new genua. Again, 

I am hy no means satisfied that Sarsella mauritanica, Pomel, 
described and figured in Cotteau’s ‘ Ech. Foss, de rAJg(^»rie, Etage 
Eocene,’ 1885, p. 36, pi. i. figs, 4-8, is a Lovenia without ampull©. 
There is most certainly no internal fascicle present, nor is a sub- 
anal one visible. Cotteau (p. 38) states that M, Pomel has not 
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definitc^ly stated that ho has found an internal fascicle in his 
specimens, and has j^ven no details of any. Cotteau does not 
know whether to call M, romeFs typical species a Sarsdla or a 
Maretm, It is quite apparent, on coraparinp: the figures of 
Maretia phundata given hy A. Agassiz (‘ Revision/ pi. xix h, fig. 7), 
and Maretia anrmmla^ nobis (Quart, Jonrn. GeoL Hoc. vol. xxxiii. 
pi. iv. fig. 1 ), that M. Cotteau was justified in bis doubt, and that if 
a siibanal fVisciolo exists, the 8j)ecie8 is really a Maretia) if not, 
the species belongs to Hemipatrufm (Desor, ‘ Hynopsis,’ tab. 44). 

Before perfect specimens of Lovenm Forhesi had been obtained 
Mr. Tonison Woods had considered the form under consideration to 
be a llemipataffUH^ and this genus of Dcsor’s is characterized by the 
tost being small and furnished with large interradial primary 
tubercl(?s, resembling those of tSpaianrjns, but absent in the posterior 
int/orradium, hy the plastron being in general smooth, as if worn, 
and hy having projecting and elongate petals, four genital jiores 
and no fasciolos. Yet M. Pomel places Maretia, Gray, as synony- 
mous wnth Ilemipaiar/as (oji, cit. p. 20). It is perfectly evident that 
Maretia has a subanal fasciolo and often a discontinuous narrow 
lateral fasciolo ; this last has b(^cn noticed by A. Agassiz and myself. 
Maretia according to Cotteau is therefore not Ihmipataijus accord- 
ing to M. Pomel. 

25. Eu8]»atangus uotundus, Dune. 

Eupmtagvs rotundas. Dune. op. cit, p. 5^1, jd. iii. figs. 14-17. 

The relative dimensions of this species and the want of any 
contraction on either side posteriorly separate it from the other 
forms of the genus from Australia and elsewhere. 

26. EusrATANOUs LAiTmcr, Dune. 

Eupatapus [janhei. Dune. cit, p. 55. 

The classificatoiy^ position of this form is not without doubt, for 
it has the primary tubercles “ environed by the peripetalous fasciolo 
small and even present in the posterior interradium as in Peripaeustes, 
In aU other respects the speedes is a true Euspatangoid. A similar 
difficulty was met with by ^Mr. Percy Sladcn and myself in studying 
Euspatangus avellana, d’Archiac Haime, and we noticed the 
affinity of that species to Macropneustes (Pal. Ind. ser. xiv. Foss. 
Echin. W. Sind, ])t. iii. j). 287). The presence of a subanal 
fascicle was not mentioned by me in my^former communication, and 
now I can add that it is well developed. 

27. EiTsrATANaiJs mukrayexsis, Lauhe. 

Eupatagus murraynisis, Laube, op. clU p. 196, fig. 4. 

This species is very oviform in shape and liigb behind, and 
differs from the other species very definitely. 

28. Etjspatanous Wriguti, Laube. 

Eupatagm WHghti^ Lauhe, op. ciu p. 195, fig. 5. 

There is some affirdiy between Euspatangus rostraiuSf d’Arcidac, 
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and this species, and on the other hand the recent JEhu^tangm 
Ycdenamnesi, Agass., is allied to Eusjpatangus murragensis* 

20. SenizASTER TEisTTRicostrs, Gray, 1851, Ann. & Mag. N’at. Hist, 
vol. vii. p. 133. 

A fragment of this recent form is in the Blanford collection in 
the British Museum. 

LtJtt of the Sjyecies of Attsiralian Tertiairy Echinoidea, 

1. Cidaris {Leiocldntdii) au^imlirc, I)nnc. Cape Otway. 

2. ( ), sp., Dune. Baimsdale. 

3. GonI ocular sp. Spines. Cape ( )tway. 

4. Suh ilia iertiariff, Tate. Aldinga, South of Adelaide. 

5. Psamm echinus iroo//.s'/, Lanbo. ^Murray Cliffs. 

6. Ortholophus luieatns^ Dune., syn. Temitechiinis lineatm. Mor- 

dialloc. 

7. Paradoicechinns noviiSy Laube. Murray Cliffs. 

8. Chjpeaster folium, Agass., var. eJonf/ata,T){iiic, Geelong. 

9. f/ippslandicus, M‘Coy. Gippslaiid. 

10. (MonostycJda) australis, Lau))e, sp. Murray Cliffs. 

11. ( ) Lovmi, Dune. Murray Cliffs. 

12. Echinohrissus australicr, Dune. Capo Otway. 

13. Cfttopiigus elegans, Laube. Murray Cliffs. 

14. Pygorhynchus Vassali, Wright. East of Glonelg. 

15. Echinolampas ovulam, Laube. Murray Cliffs. 

16. Holaster australifs, Dune. Castle Cove, Cape Otway, 

17. dijjicilis. Dune., syn. Rhyncliopygm dysasteroides. Dune. 

Capo Otway. 

18. Micraster hrevistella, Laube. Afurray Cliffs. 

19. Maretia anonimla. Dune. South of Hlicrbrook Kiver. 

20. McAfalaster compressus. Dune. Murray Cliffs. 

21. Pericosin us gigas, M‘Coy. 

22. Nehoni, M‘Coy. 

23. compressus, M‘Coy. 

24. Lovenia Forhesi, Woods & Dune. Mordialloc, 

25. Euspaiangus rotundus. Dune. Murray Cliffs. 

26. iMubel, Dune. North of Bhorhrook Kiver. 

27. murrayensls, Laube, Murray Cliffs. 

28. Wrif/hti, Lmxhe, Murray Cliffs. 

29. Schizaster ventricosus, (}ra.y, Adelaide district? 

Yarieties : — 

Clypeaster (Monostychia) australis, Laube, var. eloiigata, Dune, 
Lovenia Forhesi, Woods & Duncan, var. Woodsi, 11. Etheridge, jun. 

On studying this list of Australian Tertiary species of Echinoidea, 
it will be observed that there is but one species (Schizaster ventri^ 
cosus) which belongs to the recent fauna. It has not an Australian 
habitat, but is found widely in the Pacific area and as far north as 
Japan. Of the nineteen genera found represented in the Tertiaries, 
only seven, possibly, have species in the recent Anstralian fauna, 
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which numbers (counting three deep-sea forms) at least thirty-one 
genera^. Even such common Australian genera as Salmacis, Amhly-- 
pneusteSf Jlolopneusfes^ Breynia^ and Echimcardium arc not repre- 
sented in the list of fossil species. In this slight relat ion to the 
recent fauna the Australian Tertiary Echiiioidea resemble the fauna 
of the Tertiarics of Bind, Kach, Kattywar, and the Mokran coast ; 
in both instances the percentage-method of classifying Tertiary 
deposits will fail, and the explanation must refer to the great 
^shanges which occurred along all the coast-lines of that pai’t of the 
world at the close of the Pliocene nge. 

As a whole, the groui)ing of the genera of the Australian Tertiary 
Echinoidea is a mixture, and it is characterized by the presence of 
genera which commenced in the Mesozoic ages, of a majority of 
genera which began in the Ternary ages and have lasted on, and of 
a few characteristic Tertiary genera. There are three genera special 
to the fauna. 

But when the genera which began in the Mesozoic age are con- 
sidered, it will be found that four of them are represented by living 
species, for instance Oiclarls^ Saleuia^ Echinohnssus, and Catopygm, 
Micraster lasted into the Nummulitic of Bind, and the Australian 
species is the latest; and the Holasfcers arc recognized, only in 
Australia, as Tertiary forms and not early Tertiary. 

The essentially Tertiary species are those of the genera Pygo-- 
rhyneJius and Pericosmus, The genera which arose during the 
Tertiary ages and are still represented by species are Echimlampm^ 
Mairetiay Lovenia^ Empatangiu^ ScMzaster, Clypeaster^ PsammeMnm^ 
and Goniocidaris, The special genera are OrtJiohphm, Paradox- 
eohinuB^ and Alegalaster, and the first two have very Bindian 
(Eocene) alliatiees. 

The greatest interest of the fauna is, of course, centered in the 
Holasters, and every student of the recent fauna will recognize 
their importance in reference to the abyssal Echinoidea with 
apetalouB and flush ])aired ambulacra, and w^hich present such a 
curious mixture of antique and very morlern structures. But 
instead of allying the abyssal A iianchytyoiil -looking forms, classified 
under the genera llomolampas^ A. Ag., Genicopatagu,% A. Ag., 
CystevMnm, A. Ag., and Erechlnns^ A. Ag., with the Holasters and 
Ananohytos of the Chalk, it will be necessary to consider them in 
reference to the Holasters of the later Tertiarics of Australia. Just 
as it is now necessary to consider the recent Sahnhv as the modified 
descendants of the Tertiary species, so it is obligatory to believe 
that the very degraded and yet in some points very anciently 
structured abyssal species of the genera mentioned above are the 
modified and degenerate su(HX>ssors of Tertiary predecessors. 

There are no species which are common to this Australian fauna and 
that of the Indian Tertiarics, and the alliaiico with the European 
faunas is slight indeed. The large species of Perkosmm recall the 
forms from the Javan Tertiary deposits, but the species of the two 
localitios are not the same. 

* Bamsay, Oatal. Ediin. Aiistr. Mub. pt. i. (1885). 
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No satisfactory inforTnation regarding the Tertiary Echinoidoa of 
New Zealand has heeii obtained since the i>iiblication of ZitteTs 
n 3 onoa:ra])h, which forms part- of the description of the ‘Novara* 
Expedition (‘ Foss. Mollusk. ii. Ecli. aiis Non-Seeland,* Vienna, 18(>4). 
Tluit author gave admirable figures and clear doscri[>tions of several 
species. K^u'leolUea p ijyillosus^ Zitt. {op. cit. ]>. (52), is said to be 
clostdy allied to tlu* recent species of the New-Zealaiid seas, 

There is no doubt that Iheynius described and delineated tlio genus 
H^cJihw^o'issHS in and tliat Lamarck, being unaware of this fact, 

founded the genus Xoc/rolites in LSdl, to receive, unfortunately, not 
only true species of Ju'hi twbrissus, Breynius, but also other species 
which L. Agassiz subsequently properly associated with the genera 
C(ftoptif/us and Pjfr’nta. In LSoS Desor endeavoured to separate tho 
genera Plchi n of > rhinos and Nadeolites (‘Syno]>sis dt's Echinides fossiles,* 
j)p. 2o7 it 2(5»»). 

Tie moreover introduced Trematopf/f/us, d'Orb., as a group of 
NuclcolitiS^ with an oblique ])eristonio. A. Agassiz, in revising tho 
genera of recent Echinoidoa, had to consider the proper generic title 
of the two recent species, both of wdiich had been placed under 
NudeoUtes by their describers. He retains “ provisionally tho 
separation into two genera,** and remarks that “ from tho examination 
of tho scanty material of living species, tho splitting of this genus into 
two sections seems scarcely warranted.’* He notices that conjuga- 
tion of tho ambulacral pores, which Hesor would make a generic 
attribute, is seen associated with the opposite condition on tho same 
]mtal in some species, and that it is of no taxonomic value. Tho 
shape of the peristome he does not consider to bo* of much 
importance ; but he thought that the best plan was to let EeJuno^ 
brissus remain as tho genus and to permit XiideoUtes to bo a 
subgerius. It must be conceded that the recent species aro aberrant 
from the genus and the subgenus. Probably future research in 
tho morphology’ of the recent and fossil species will pormsinontly 
establish tho old genus Echuiobrissus, Bn^yiiius, and will absorb 
NueJeoliies., allowing two siibgencra to be arranged, so that one 
can receive the species with an obli(|uc mouth, and the otluT 
tho species tho ambulacra of ’which have single extra-ptdaloid 
pores. It is evident that the Australian species differs from that 
described by Zittel, but it is interesting to find the persistence of 
the type through the Australian and Now-Zoaland Tertiiiries to the 
present Australo-New-Zeahiud Eebinoid fauna. 

ZittePs fine drawing of I femipata^pis tvjicrctdotn.^, Zitt.*, indicates, 
from the separation and incomplete cornlition of the anterior 
poriferous zones of the antcro-lateral ambulacra, that there was 
once an internal faseiolc present on this form. 1 have little doubt 
that specimens will bo found which will jirovo tlic species to be a 
Lovema., closely allied to Tjovenia Forbesi., Woods & Duncan. But 
the species described as Tlemipatagus formoms., Zitt.f, apjXiars to be 

♦ Zittel, op. cit. p. 03, pi. xiL fig. 1. t Zittel, op, cit. p. 63. 

Q. J. G. S. No. 171. 2o 
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a true member of that genus. Zittel noticed the affinities of this 
form with the Hemijyatagi described by Hcrklots from the Java 
Ter ti fines. 

ScJiiznster rofnndafns, Zitt., is allied to S. venirlcosus,, and there- 
fore to the Australian Tertiary form which I have noticed. 
Zittel has also descrilied a linge Brisstfs (Bris.nf/i e.vimhis^ Zitt.). 
IJnforfunatcdy the s])eeies named by all writers on New-Zealand 
fossil Echinoidi^a, subscijuently to Zittel, are without satisfactory 
descriptions. 

Discussion. 

The PuEsiDKNT remarked upon the importance of recording the 
nature of ffinnns from distinct localities, even though the materials 
at command might ho imperfect. 

Mr. Sladen congratulati'd the Society upon having brought before 
thorn such a pajier as th.at just read. With n^gard to Chfpeastcr 
and EchinanfhHs ho had strong conservative views. EvluiKnithyUy 
ho thought, should he confined to Breynius's ty])o. One interesting 
point in connexion with tho ‘ Ohallimgc'r ’ rosonrehes he would 
notice, namely, tlie occurrence in comparativtdy shallow water in the 
Phili])pinos of forms which elscwhoro live in very deep water, and 
this, he tlionghi, might he found to have a bearing upon our views 
as 1o tho distribution and hathymetrical range of tlu' fossil forms. 

Prof. Duncan oximcssed a wish that Mr. Shidiai wmdd tell us 
whnt' conservatism mejins in this coniu'xicuu In many cases when 
his previous iNunarks liadhoen criticized by Prof. M‘(!()y his observa- 
tions had been foundi'd ujion iin])erfect specimens, although in somo 
instances he could not shelt(‘r himself under any such plea. 

Mr. Si. ADEN said that in his ojunion Prof. Agassiz Avas in error 
in liis applicMtion of tlie generic t(*nn Ef’hiiKtnfhns\ .as tho forms ho 
had referred to that genus were not Eihiaantld at all. 
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31. On the London Clay and Bagshot Beds of Aldershot. By 
H. G. Ia'ons, Ksq., ll.E., F.G.S. (Bead April 27, 1887.) 

A residence in Aldershot has furnished mo with facilities for 
observing numerous sections and exposures of the Biif^shot Beds in 
the immediate neighbourhood of the North and South Camps, which 


^ oa 



appear to me to bear strongly on tho questions relating to the 
stratigraphy of the Bagshot area which hayo been raised of late. 

2a 2 
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I first propose to discuss one particular section which has been 
very differently interpreted by different observers 

The section is one through Thorn and lledan Hills to the oast of 
South Camp, and, as shown in fig. 1 , is drawn in a direction H. 14° E. 
and S. 14° W., thus giving nearly the true dip of the beds, which 
dip slightly E. of 

Commencing at the North end of the section (which is drawn on 
the scale of 4" to one mile horizontal and 8" to one mile vertical), 
the Pebble-bed, which I take as the line of division between the 
Upper and Middle Bagshot, occurs behind the Commissariat Stores, as 
described by Mr. Monckton {loc. cii. p. 41 0). 

This bed of rolled black flint- pebbles can be traced round the east 
slope of the hill past the Magazine and the Cemetery, at each of 
which places it can be seen in to the brow of the hill on which 
the Cambridge Hospital stands. Hero the bod has rather thinned 
and the pebbles are imbedded in a more clayey bed than at the 
Commissariat Stores. 

Walking down the road loading from the eastern end of the 
Hospital enclosure lo the Field Stores in the valley below, wo 
start from the pobble-bed at the top and ]>ass over the outcrop of 
the diffc!rent beds of the Middle Bagshot, and then of some of the 
Lower Bagshot. 

^’’hc upper ])ort ions of the Middlo-Bagshot beds are at first sandy, 
as wo see in nearly all the wcll-sections in the neighbourhood, but 
lower down < In^y become stiff and clayey, till at the fool of the hill the 
sandy IiOW(‘r Bagshots come in. Behind the Fit^ld Stores 20 ft. of 
wdiito, fjilse-lx'dded Lower-Bagshot sand a]>])ear in a sand-pit ; and 
as we ascend the slope of lledan Hill, whon'vcr rifie-]>it8 or shelter- 
trenches furnish us with sections, yellowish sands of the Lower 
Bagshot: are seen. 

A sheltcr-t-rench made last summer furnishes a good section of 
the up])er third of lledan Hill, and in it we find t'xposed, first tho 
yellowish sands of the Lower Bagshot, then clay(‘y l)ods similar to 
those passed over in descending the opy>osi^'> slojie of Thorn Hill. 
These clay-heds extend to the to]> of ll(‘dan Hill till overlain by the 
gravel ca])ping above them ; and I take them to ho tlie lower beds of 
the Middle Bagshot, which have been raised to this height by tho 
northerly dip of all the Tertiary hods. 1 will show yirosently* that 
this is sufficient to do so. 

On the south side of lledan Hill these clay-beds are almost 
wanting, being only seen (jiiite at tho to]i of the railway-cutting, 
where they are brought out b}’ the northerly dip of the beds. The 
pehble-bed desc ribed by !Mr. Irving as occurring in the railwaj- 
cutting south of lledan Hill a])pearod to be a few scattered pebbles 
occurring at a jiarticular horizon in tlic Lower Bagshot. Thus 
there should he no anticlinal between Thorn Hill and lledan Hill as 
shown by Mr. Irving : and the section as drawn by ^lessrs. Monckton 
and Herrios in their paper (Quart. Journ. Geol. Soc. vol. xlii. 
p, 412) requires some alteration. 

♦ Ucv. A. Irving, Quart. Jnuni. Geol. Soc. vol, xli. p. 50*2 ; and Messrs. 
Monckton arid Horries, Quart. Joum. Geol. Soc, vol. xlii. p. 410. 
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Mr. Irving in liis paper refers to the green sands of the Middle 
Ilagshot as occurring at the toot of the northern slope of Csesar’s 
Camp at an altitude of 350 feet. This is 50 feet higher than tho 
tt)p of the Middle liagshots, as he shows them by his pebble-bod in 
the railway-cutting. To produce this a synclinal liexuro is neces- 
sary having its axis in Aldershot town, of which we have no proof. 
As in fact these green sands are at an altitude of 450 feet, a still 
sharper bend must bo supposed if wo admit tho Thorn-lledan Hill 
anticlinal. 

Again, the green sand in situ occurs at from 500 to 550 feet in 
Cmsar 8 Camp and Hungry Hill ; and this, coupled with the fact that 
tho Middle- Bagshot beds can be traced from the Canal across the 
Long Valley up into tho Hanks of Ca'sar s Camp, points to a regular 
northerly dip. 

I^ow, turning to ilic same section as drawn by ^Messrs. Monckton 
and llerries, we find that, too, to l)o sliglitly mislciidiiig, though they 
indeed show the persistent northerly dip of all tho beds wiiich, 1 
liave shown, is most ])ro]>a])Ie. The ditibixaiee iii level shown 
between Thorn Hill and liodan Hill is Hie cause of this ; for, aa 
Thorn Hill is 100 feet above the valley, one would assume from the 
section thal-Itcdan Hill was 30 feet below the opposite hill, whereas 
it is in reality but one foot below it. Again, from tlie figuring and 
descri])tiou of the section, I understand that the authors consider 
the pchblc-bed to represoiii the Middle Jlagsliot, and rider all below 
it to tho sands of the JiOwer Hagsliot, omitting the Middle llagshot 
clays which occur below the pebble-bed in Tiiorn Hill in ilm well- 
borings and all the snrfuco-scctioiis about, and cap Redan Hill below 
the gravel. 

J will now shortly show how the si’ction in fig. 1 was drawn 
from the evideneo brought forward. 

The form of the ground having been plotted from the (»" Ordnance 
{Survey map of 18^2, the pebble-bed was put in as follows: — Below 
the point marked 3()2 feel, whieli is tlie Time-giin, Hie bed is 
exposed at feet b} Hie Magazine, a ]mint at riglit angl(*s to Hi<> 
line of section and -KM.) yards distant, in an ex])osure l>y the Cemetery, 
and one on tlKijiathway below the Mortuary Cha])el ; and from tlicso 
three jioiiits, lietween which the bed can be traei'd eonlinuoiis])^ Hio 
line of division between the Upper and 3Ji(Jdl(^ Jiagshots is drawn. 

The thickness of Hie Middltt liagshot is given by tlie W(.‘ll-s(^ctiou 
quoted on p. 43-1, and by the outcrop of clay-beds uri tlu^ two hill- 
slopes from which il. was jilotted, and found to coincide with Hio 
well-section. The London Clay 1 believe to cro]) out as sliown, as 
there are two ponds of water lying in this liolluw, and the clay is 
showm in the hrieklield on the hill above, wdu-ro it is ovtalain by a 
few feet of Lower Jkigshut loam. This also coincides with the well- 
section. In this section it will be seen that I agre(^ with tlio Survey 
mapping, except that I take the top of Redan Hill to be Middle 
llagshot, having the wdiole thickness of tho Leaver Bagshot beneath 
it. Tho Cambridge Hospital and South Camp are shown in elevation, 
with the pebble-bed forming the surface of the ground. 
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Section of Well at I) Lincs^ South Camp, Aldershot, 

(Surface 340^ above O.T)., formed by tlie pobble-bed at the 
top of the Middle Bagsliot.) 


Middle 

IJiii'rtliot, 
fjii feet. 


bower 
11 o kvl. 


No. 

Description. 

Thickness. | 

Total depth. 


ft. 

in. 

It. 

in. 

1. 

Yf'llow loam 

15 

0 

15 

0 

2- 

(treon BJiiid 

12 

0 

28 

0 

li. 

(irey sand 

10 

0 

:i8 

0 

1. 

IMixotl green Hand 

0 

0 

44 

0 

r, 

Dark grtam Hand 

1 

n 

40 

0 

1*1. 

Hlne (‘.lav, streaky 

,T 

0 

10 

0 

7. 

Olne clnv 

4 

0 

50 

0 

8. 

lUaek sand 

Ifi 

0 

OS 

0 

b. 

Bine clay 

7 

0 

75 

0 

10. 

Blue clay 

IT 

0 

ss 

0 

11. 

Mixe<l sand 

20 

0 

108 

0 

12. 

Bed ol stone 

0 

0 

114 

0 

i;i. 

Mixed sand 

I 

0 

115 

0 

11. 

.Mixed Haiitl and clay ... 

8 

0 

12.0 

0 

1 

Blin* elav 

0 

0 

120 

0 

10. 

Yellow elav 

1 

0 

i:;() 

0 

17. 

Sandy roek 

b 

0 

i;;5 

0 

IX. 

.Mixed sand 

1 

0 

i:io 

0 

10. 

Blue clay 

1 

0 

IT7 

0 

20. 

(Jreen sand 

:> 

if 

1 12 

0 

21. 

Bed sand 

1 

0 

1 1:; 

0 

o.> 

Mixed sand 

r> 

0 

1 18 

0 

2:1 

1/jgbt Hand 

2 

0 

i:.o 

0 

24. 

Blut' elny 

4 

0 

154 

0 

2b. 

Mixed ^elny 

2 

0 

loti 

0 

20. 

.Mixetl am! 

0 

0 

10)2 

0 

27. 

Mixed clay and saJid ... 

;j 

0 

10.'> 

0 

2S. 

.t 

* J 

0 

1 08 

0 


I 

The rest is IjIuo elay of tin* Lrtiidoii (‘lay lo r>()0 feet 4 iiudios, Avhoro 
sand 'Nvas nu*t with, and a Hupply of \vater obtained risinj^ to 48 feet 
(> ineluvsfjoni tbesurfaia*. In tin' bondttn (day, tin* followiiipj layers 
were ]>aHsed throiifijU at de])llis from (be surt’aee as follows : — 

ft,. 

A laver ufsttme at 102 

,, polihlos at 207 

„ „ 22d 

M 227 

,, y<*!I<)w stom* at 240 

„ pebbles at -IdtS 


In this well-section the passajro of Lower Basrshot into London 
(day is remarkable, and is very similar to that shown at Brookwood. 
The thick develoj)inont of clay in the Lower Baj^sliot at beds i) and 
1(1 in the well-section would seem to furnish a case of a thick 
lenticular patch of clay in sandy strata similar to that described by 
Mr. Hudlostou at Walton, ns no such thickness of clay is found to 
occur in any surface-sections of the Lower Bajrshot round about. 

Coming to the instances of, and arguments for, overlap of the 
Upper bods and erosion of the London (day which Mr. Irving has 
put forward, I cannot say that 1 have been able to make his con- 
clusions agree with the facts which I have collected in this immediate 
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neighbourhood. I will commence with the section at Ash Station, 
which he has described lately (Proc. GeoL Assoc, vol. ix. no. 0, 
May 1880). 

As will be seen from fig. 2, we have a spur of the Fox Hills 


Fig. 2 . — Section from Gravel’^pit Hill to Ash Green, S, W. li, 

pi 

M 

OD 


N. 



, j IIoriz<»nl.al, 4 in. to I mile. 
^ ^ t Verlieiil, 8 in. l.<^ 1 mile. 


Dip lo if r»tr at. S. (‘ml. 


a. Gravel (‘;ippin^. 
h. l'])p(‘r liaujsliot, 
r. Middle 
d. Lo\v(‘r iJagsbot. 


L. 0. Loiidoji Clay. 

W. & K. Woolwieli and Reading Rods. 
CIj. Olialk. 
jK l’(!hble-lK*d. 


consisting (omitting the gravel capping) of Upjter-ltagshot sand of 
tin' normal type till we come to the Jow(;r shouUhT of the spur, 
Avliieh is ca])pod by the rounded Idack flint pi']>bleb in great numbers, 
mtirking tlie junction of Up])er and Middle Dagshot. In a gravel-pit 
3 "iear Ash Vale they occur in a bod of dark gre<'n sandy clay, tind, 
indeed, may be traced for a con.siderahlo distance round tho foot of 
the oa.storn slo 2 )C! of the Fox Hills toward.s Rrookwood. in the iano 
(dose by tlic clay of the Middle Bagshot is seen, and again in tlio 
brickfield on the way to Normandy. 

Then, at Ash Station, we have the section given by Mr. Irving ; — 


ft. 

1. Y(dlow and bulf-colourcd sand, with occasional iron-siono 4S 

*2. Dark-grey, blackish, laminated clny 7 to 8 

»'i. Dirty greenish sand o to ti 

4. Loudon Clay (bliu; clay), pierced to 15 


76 ft. 

Comparing this with the wcll-scction on page 434, and taking into 
ac(^ount the sand, presumably Lower Bagshot, at East-Wjko Farm, 


.Grayel-pit HilJ, 
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half a mile east, described by Messrs. Monckton and Hcrrics ^ as 
occurring beneath the clay -beds of the Middle hagshots, which I have 
mentioned above, the arguments already put forward for conform - 
ability and constant northerly dip of the beds, and the regular 
succession of the beds in tlie Long Valley, 1 considtn* the Ash-Station 
Well to show the bastuncut beds of the Lower Lagshot of a character 
very similar to those in the Lrookwood and Souih-Canip deep borings. 
Moreover, the London Clay crops out JliOO feet south on the road 
leading to the South- Western Station at the same level as the Station. 
This gives a slope to tlio north of 01 feet (the thickness of the 
Bagshot strata) in 1 200 foot, or about 1 in 20, which would give 
2° 52', which dip corresponds well with that measured by Mr. 
Monckton at East-Wyko Farm (Quart. Journ. Gool. Soc. vol. xlii.). 

Also, at the South- Wostorn Ash-Green Station, a deep well-boring 
(Surv. Mom, vol. iv. p. 537) gives I^ondon Clay and Heading beds as 
370 feet thick. Deducting 80 feet for the Heading beds, we have 
290 feet as the thickness of London Clay, 1500 feet from the outcrop, 
and a slope of 1 in 20, which wo have just found above for the over- 
lying Bagshot Btratii, gives a thickness of 75 feet to he added. A 
further deduciiou of the difference in level between the well, 290 feet, 
and the outcrop 255 foot above O.D., viz. 35 foot, is also required; 
and thus we Inive a tbiekness of 330 feet for the London Clay, which 
is about the same as that in the South-Cairq) bfu'iiig and hi the 
AhhTshot AVah’rworks, as will be shown again later. 1 tliendbro 
consider* that there can liav(^ been but little erosion of the London 
Clay at this ])oiut lieforo the deposition of the Hag^hot beds. 

In describing the well-section at Ash Station, S.E. Hailway, 
Mr. Irving (Troc. Geol. Assoc, /or. <•//.) says, ‘*Hei*e wo are about the 
level of the southern end of the Fox Hills, which consist of un- 
doiihied U])])er-Bagshot sands." This would account for his drawing 
the Bagshot beds horizontal in the Avoodcut there giv(‘n ; but as the 
well-iuouth is over (5<) feet below tlio outcrop of the Upjiei-Bagshot 
sands, in order to bring tln in into <be avcI 1-section a downward slope 
of 108 feet in 1800 feed must bo allow I, since to tlui 00 feet given 
above tlie dS oi. yellow sand, called I j>|)er Bagsliot in the section, 
must 1)0 added. This gives a slo])e of about I in 17 to tlio south; 
and by the Avell-vsectinn and the point of outcroj) of the London (day, 
Ave get a s]o])e of about 3 \ or, say, 1 in 20 north for that formation. 
Of tliis Bagsliot anticlinal, Avhich is not shared in appuniitly by the 
London Clay, I maintain avo Iiha'c no sutiivient ovideiico ; anVl 1 have 
already argued against one at Th<»rn Hill, and shall do so agaiu 
AAdien describing the section across Aldershot Toavu. MoreoA'er, the 
anticlinal hero Avouhl bring in Afiddle-Jiagsliot beds and Uppor- 
Bngshot sands OATrlying them, dipj)ing 4^ south, just about AA'hore 
Messrs, Aloucktou and llevries have described Lower-Bagsbot sands 
xmdcrhfuuj iMiddle-Bagshot basal clays, and dipi)ing about 3° north. 
This apt)ears to ino conclusiA e. 

1 liaA’O quite lately obtained (through the kindness of General 
Hammersley, of Ash Grange) some details of a deep well in the Loudon 


* Quart. Jourii. Geol. Soc, toL xlii. p. 413. 
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Clay at his house, which is about halfway between the Ash Stations on 
the* South -Eastern llailway and Soulh-Western Hail way, and is situ- 
ated just by the outcrop of the London Clay. The well was doepened 
to about 300 feet in 18(»4, before the South-Western Hailway 
Company bored the one close by, which later boring considerably 
reduced the supply of water in the Ash-Grange well. Thus it seems 
that the well draws its water from tho base of the London Clay, or 
from the Woolwich and Heading beds ; and restoring what erosion has 
removed, we get a thickness of 320 feet, if the bottom of the well 
is the base of the London Clay. 

The south slopes of the extremity of the Fox Hills, near Ash, give 
a very good section of tho Upper- and Middle-Jiagshot beds. Com- 
mencing at Ash Vale, wo have tho pebble-bed, about 2 feet thick in 
a dark green clayey sand, partly in situ and partly reconstructed. 
The pebbles show considerable current-action, having their longer 
axes inclined at about 70°. This bed may bo traced continuously 
round the foot of the hills, and occurs crop])ing out on tlio hill-slopo 
about tho brickfield referred to by .^lessrs. Alonckton and llerrios iu 
their account of the Wyke-I.ane section. Here, behnv tho ])ebhles, 
are sandy beds which furnish with water the s])rings which aro 
thrown out by the clays at the base of the Middle- Hagsliot beds. 

Tho next section I propose to discuss is oiu; across tho valley, 
between Aldershot Town and the Jk)rmai)ent Harracks, and con- 
tinued on to the Aldershot. Waterworks (fig. 3). 

The section begins on the top of the hill ovcTlooking South 
Camp, and as this j)oint is not 300 yards east of llu^ do(^}>-boring at 
I) Lines, described a])ove, 1 have felt inyscdf justified in idotting 
the thickness of beds given there at Uiis end of tho section. The 
base of the ^Middle Hagshot crops out as a clay-bod, at about tho 
320-feet contour on this line of section; and again some 100 yards 
to the west it is exposed under Hed Hill at tho sumo loved. This is 
slightly below the spot where ]Mr. Hlake is mentioned by IMr, 
Irving as finding a “sandy hed containing niimcTojis green grains ” 
(Froc. Geol. Assoc, vol. ix, IN'o. 0). Thi.s bed 1 also saw in 
Kovemher last, when this section wasoponc'd iij) by a drain from tljo 
beginning of the section to the top of tluj hill marked 340 (fig. 3). 
All along this drain the same yellow and lmff-c(*lour(‘d sjind was 
exposed, as soon as the Middle-Uagshot Ix'ds had been loft on tho 
north side of the valley ; and a glance at iho s^-ction v ill show that 
this drain was out iu tlio same portion of the Jiowor-Jtigsliot strata, 
owing to tho corresponding di]) of the beds and slope of tho ground. 

These Lower-Hagsliot beds crop out on the soutli slope of tho hill 
behind tho brickyard by Aldershot Station, and are exposed in a 
sand-pit at the top of the hill near the reservoir, as mentioned by 
Mr. Moiickton in a footnote to his last x>aper. 

The di]) which I liave drawn, viz. ^’'orth, was obtained by 
several means. First, it can bo measured at the top of the hill at 
the north end of the section, as stated by 3Ir. Irving (Quart. Jouni. 
Geol. Soc. vol. xli. [i. oOJ ), where be describes it as 2 ' b north ; tho 
lines joining the points of outcrop of iho Ihigshot strata with 
corresponding points in the 8oufh-Camp well give the same, as 
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also does that joiniag the base of the London Clay, as given in this 
well, and the base, as proved in the Aldershot- Waterworks boring. 
In Proc. Geol. Assoc, /oc. cit, Mr, Irving refers to the occurrence 
of the green bed of the Middle Bagshot at the foot of the northern 



oscarj)mont of Cncsar’s Camp at an altitude agreeing with that of 
the hods at Aldershot ; and in Quart. Jouru. Geol. Soc. xli. p. 501 he 
describes the same section, presumably as green sands in the ride- 
butts, at the height ot 350 feet. This must be an error, as the 
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butts are at 450 feet ; and this gives 1 00 feet above the liill b}' the 
Aldershot brickyard, shown in the section (fig. 3), which is capped 
on the line of* the section by some 15 or !20 feet of Ijower-Bagshot 
beds. This 1 00 feet would bring us into the lower beds of the 
Middle Bagshot in their natural position, and this disposes of 
anything unusual in their occurrence at Ciesar s Camp. 

Coming now to tlio London Clay in this section, I have already 
shown how the base of the cla}’, as jiroved in the South-Camp and 
Aldershot-AVaterworks borings, agrees with both the })rovcd and 
measured dip of the Bagshot Beds; I will now show that the 
thickness of the Loudon Clay at the latter place is about the same 
as that at the South-Cam]> boring, and at Ash, as I have given it 
above. This 1 shall do, since Mr. Irving (Quart. Joiirn. Geol. Soc. 
vol. xli. p. 507), in his ‘‘General Conclusions,’' No. (h^, points to 
this as a section ])roving groat erosion of the London Clay before 
the deposition of the Bagsliots. Two borings at the Aldershot 
Waterworks penetrated the London Clay 132 and 134 foot respec- 
tively. I will take a moan of 133 feet. The mouth of the well is 
at 250 feet 0.1)., and the outcrop of the London Clay is at an 
altitude of about 340 feet, and is 730 yds. N. Now 730 yds. and 
a dip of N. gives a rise of 1 10 feet ; so we have a total thicknesss 
of (133-f 00 4- 110) =333 feet, which agrees with the deep boring 
at South Camp (332 feet), and with the thickness at the South- 
Western Kailway Station at Ash (330 feet). 

There are two more woll-sections which should bo mentioned in 
connexion with this area, namtdy tliose given in (icol. Surv. Mem. 
pp. 445 and 44(>, as at Aldershot Place. (This I think must be 
meant for Aldershot Park, a.s it is called on the 0-irich Survey maps, 
Aldershot Place being called there “Manor House.” Tho descrip- 
tions of tlio positions and altitudes of the wc;lls agree well with 
spots in Aldershot Park, but cannot ])0 reconciled with any ])art of 
the Manor-llouso grounds.) When the depths of London Clay 
found ill these borings, namely 151 feet in one and feet in Iho 
other, are ])lotted in connexion Avith the thickness of I^ondon Clay 
found at the 1) Lines, South-Camp Avell, tl)ey are found to give a 
dip of between 2|^' and 3° to the N., and a thickness of 330 f(?ct. 

Thus Ave get a thickness of Loudon Clay erjual to that at Aider- 
shot Waterworks, South Camp, and Asli, and a dip of the strata 
intermediate in amount hetAvecn Aldershot and Ash, between which 
two places Aldershot Park occujnes a nearly central ])osition. The 
Beading Bods AAUth 7b f(H‘t arc also of about the usual thickness. 

Coming noAV to O.esar s Camp and the Long Valley, there is but 
little of importance besides the occurrence of the green sands at 
altitudes of from 500 to 550 feet and even higher. The Middle- 
Bagshot beds can ho traced all across the valley, overlain occasionally 
by Upper-Bagshot sands, with tlieir upjicrmost limit marked here 
and there by the pebble-bed. 

So far, each section has been discussed to see to what extent it hears 
out the hypothesis of a constant northerly dip of the beds. I will 
now shortly describe a section taken from North to South, across the 
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Long y alley by the Farnborough and Farnham Road. In thio 
section we get the high ground at the south instead of the north 
end of the Hcction, which is more convenient for our present purpose. 

On the tops of the ridges north of the Red Church, near the 
Permanent Barracks, the ])cbblc-hcd occurs at the top of the Middle 
Bagsliot ; and a scarjied face of one of these ridges nearest to the 
Red Church shows a section of the ]>ase of tlio green clayey sands 
and the to]> of the c1.‘iy-])C(ls which form tlie base of the Middle 
fieri(;H. Here, wIkmi freshly cut, a dip of about north was shown. 
Going south, Lower- Bag^hot sands went shown in a small excavation 
by the (lueen’s l*avilion, and again in a sand-pit ])ehind the Lock 
Hospital, where tlien; are about IJO feet of brown and huff falso- 
hod(!e(I sands, and scams of pipe-clay are seen, having a dip of 
north. 

FnrMc'r on, at Wind}- G.ip, on Hungry Hill, the same saTids aro 
Boon, while the London Clay is dug in a small brickyard at the foot 
of the liill to th(‘ east. 

lliujgry Hill its(‘lf is c;i]>j)ed by a considerable tliieknoss of gravel, 
and ludow it small. si)rings are thrown out in wet w'eathcr, I 
think by part- of the clay-heds whieh form the base of the ^liddle 
Bagsliot. 

Guite lately, a well (12 feet- d<M‘]) lias been sunk at tht‘ Inn on tlje 
Farnham Road by Hungry Hill, and reaelu'd clay liavijig all the 
charaeti'rs of th<^ io]', of th(' LomliUi Clay, having j)as.'-ed tliroiigli 
bull' uml brown loamy and sandy beds. There are 1 feet of water 
in it. 

Jn extending tlu' drains above the ltes(‘rvoirs in iJourli'y Jiottiun, 
a bed of gre<‘n clayey sand was cut into, overlain by a brown 
loamy clay. This gna'ii bed is the om* wliicli final isbes all the 
sjuings which till tlie Ib-sta voirs, and is, I. think, the middlii bed of the 
Middl(‘ Bagsliot s, which supjdie's mairly all tlie wells in and about 
Aklersliot. The ]>oint, wlicrc it w as (‘xposed w as betw een oBO and 
570 feet above O.l)., under C;esav\s Camp and Bricksbury Hill. 

The sand is dark gicvii when tirst dug out, but becomes liglit on 
exposure! to the almospiunv. 

From these considerations I think that tlio London (Uay and 
Bagsliot beds at Aldershot liave a eonstant noitherly dip, and that 
the Bagsliot beds lie conl’orniably on the older bods, which have at 
this ]H>int- an average thickness of 225 foot. 

lu eonclusioii I w'ill hrietly rceapitulato the points I have drawn 
attention to in this pajxu-, and their boaring on the stratigraphy of 
the district. 

Commencing with tlie l.ondon Clay, I have showni that wherever 
W’C can fix the top or liase of this formation, w'O get a dip to tho 
north of from to 2'; and that this dip, if we restore tho portions 
which have boon removed by subaerial erosion, gives us a fairly 
constant thickness of from 320 to 340 feet. In the table below aro 
given tho thicknesses of the London Olay at several places in and 
near Aldershot ; and w herever 1 have restored wdiat- has been eroded 
away, 1 have sliotvn it in this tabic. The authorities for each 
section aro also given. 
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Locality of Well. 

Bagshot 

Beds. 

London Ola 
Thickness in 

y. 

eet. 

Autluwity. 



Boi*ed 

thnmgh. 

Restored. 

Total. 


Doginersfield Park 
(Xear Odihain) ... 

1 40 

J 


... 

iw-j { 

Geol. Surv. Mem. vol. 
iv. p. 41(5. 

f) Lines, Soiitli 
Oaiijp, Aldershot . . . 

1 ir>8 

o:i2 

• 

332 

This j*a})er. 

Aldersliot Water- 
works, No. 1 

Ditto, No. 2 

} 

m 1^ 

l.‘i2 1 

2(M) 1 

;{;}2 ' 

j\fS. letter of Mr. 
\\'hif;daT, Dee. 18S4. 

Aldersliot Park, 
No. 1 

! - 

m 

nr* 

1 

^ ! 

3;k» •[ 

Gi'ol. Siipv. Mem. yol. 
iv. p. 1 13. 





; 

Ditto, No. 2 

.. 

72 

1 2()0 

3; 12 ' 

ll>id. p. 4 1(5. 

Oeol. kSupv, Mem. vol. 
iv. p. .337. 

Aah*Oreon SlationJ 
S.W.K 

1 - 

; 2r!0 ! 

1 4U 

1 

! 

.330 1' 

Ash Grange (Gen. 
Ilanmiersley’sj ... 

1 

! 1 

:w 

(about) 

i 20 ^ 

1 1 

320 1 

(about) I 

'I'his paper. 

1 

11 rook wood ' 

' 1701 

071 

i 

! 

I .7, j 

Rev. A. Irving, Oeril. 
i M ig. do(^ iii. Vol. ii. 
]). 333. 




Thus wo get Ji fairly constant Ihickness of tlio J/njdon (JJay from 
Odihara on Iho west, to Ash on tho east, wlien it thick(‘ns to tho 
east at Ikookwood. 

Moreover, besides tlie passagt' from tlio Lonrlon Olay up into tlio 
Hagshot beds, at tho Welling! on-Oollege w(dl (Itov. A. Irving, 
(iiiart. Journ. Geol. Soc. xli. j). similar passages are. shown in 

the llrookwood well and in the one at I) Linens, South Camp, Aider- 
shot ; so at iIkjsc points there can have been no great erosion or 
great unconforinability. The overlying Uagshot lh*dstoo, as I have 
endeavoured to show, lie conformably on the London Clay and on 
one another so far as Aldershot is concerned; and the exposure of 
the Lower London Tertiaries to denuding ageiud(‘s in Itagshot times 
cannot have been so near tho Lagshot area tis Aldershot. 

Discussion. 

The President congratulated tlic Society on the acquisition *of a 
recruit whose carefully ]>lotted sections did credit to his training as 
an officer of the Royal Engineers. 

Mr. Irving observed that the Author had tlio advantage of being 
stationed at Aldershot, and expressed a hope that this was merely 
an earnest of future work on the part of one in whom he could not 
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fail to take an interest. In consequence of the overwhelming evi- 
dence obtained by Lieut. Lyons he accepted his conclusions and gave 
up his own hypothesis with respect to the section on lledan Hill &c. 
He had verified Hr. Lyons’s reading of tljat section, and ol>sorved that 
the clays of ibo Hiddie liagshots constituted tbe most persistent hori- 
zon. AVIkuu there is a full normal dovelojirnont of Jjondon Clay wo 
have a ])assage into the Lower Jlagshots. He was not (|nitc prepared 
to accept the calculation of feet from the thickness of the London 
Clay at tho Aldershot waterworks. He regretted that we seem no 
further advanced as to the ago of the Ivingsclere axis. 

Hr. WniTAKER coinplimentcd Hr. liwing on having frankly ac- 
knowledg(^d his error when it was shown that lie had been mistaken. 
It would, how(^ver, l)e a gratification to him tliat tlie correction had 
como from a former pu]>il. It Avas scarcely to })e (expected that 
])ohhle-b(‘ds should he ])(Tsistont over any area : hut it was often a 
matter of surjiriso how certain thin beds occnirred for long dis- 
tances. He always felt under obligations to those who Avoiild 
correct errors of detail, and hoped that this liint might not ho lost 
upon oth( r oflicers. 

;Mr. HoN(?kton expressed Ids obligations to Hr. Lyons, whoso 
paper, in tho main, confirmed the work of !Mr. IJerries and himself. 
One of ilufir endeavours liad been to ascertain if there existed 
reliable ])hysical ditrerenees between tho Upper and liower liagshots. 
In this ho c’.onsidcred that they had hc^en successful. Tho Lower 
liagshots arc eharaeteriz(‘d by tho ])resonc(^ of beds layers of 
]>ipeclay, by abundance of false-bedding, and an ahsenci? of shells ; 
in the t^pp(‘r liagshots there, is no false.-hodding, an ahsene<'i of pipe- 
clay, and usutilly casts of shells. Aj»]dying these tests to the 
Thoni-llill — Uedan-imi section, the results were Ihe same as those 
arrived at from a surveyors jmint of view. This work had been 
admiralty done. The clay at the top of Redan Hill had not before 
been noticed. 

Hr. Hudlestok remarked that, since there was no opposition to 
Hr. Lyons's reading of tho district, it was unnecessary to say any- 
thing more in corroboration of a most excelhmt and original pa]>er. 

Hr. Heru[es justified the account of tho Thorn-Hill section given 
by himself and Hr. Honckton, and observed that; the clay on Redan 
Hill was not exposed at the time their ]>a])er was written. He 
had found U]q)er-Ragshot fossils in Reacoii Hill, and also in abun- 
dance on the stecple-chase course in tlie large outlier to the north, 
thus confirming the Survey mapping. 

Hr. IjYoxs, in rc]>ly, cordially acknowledged the advantages ho 
had derived from Hr. Irving's training. llefeiTing to tho thick- 
ness of the London Cday at the Aldershot waterworks, he showed in 
detail how the thickness of 330 feet was obtained, and argned for 
tho correctness of his estimate. The extent of the Pebble-bed 
was most remarkable, and tho Ocological Survey inajq)ing was good, 
although the boundaries might require to be altered a little. As 
regards tbe passage-beds in the well-section, he did not speak with 
certainty. 
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32. Supplementary Note on the Walton-Common Section. By W. 
H. Hitbleston, Esq., M.A., F.ll.S., Scc.G.S. (lioad April 27, 
1887.) 

1. Becapit Illation of soim* points in the previous paper. 

2 . Continuation seel ion. 

3- Composition of No. 4 Bagsliots. 

4. Remainder of t!io enttinw. 

5. The Brick-eart h of Hatch. 

(>. Its probalile Geological Poaition. 

7. Conclusion. 

There scorns to bo so inuoli niiccrtaiiity as to the character of tlio 
basal beds of the Lower Bagshots in the London Basin that any 
opportunity whieli affords us unniistalvalde ovideneo of Hieir real 
nature should he seized witliout dila}'. A\'e liavi‘ hfid so iniieli 
tlicorizing, liased u])on Hio evidence of well-si'ctions and of liniitcul 
exposures, that we turn witli ]>lejisure to a good continuous section 
like the one which has lately lua'n disclosed lietween Walton and 
AVeybridge on the London and South-W(‘st('rn Bailway. The main 
features of tlie Lower Bagshot s(Ties in tliis si'ct ion, at its actual 
junction with the London (day, wore very fully described by me in 
a communication inadi' to tlio Society last, year. AVhether wo 
regard tho junction there shown as evidmiee of an unconformity or 
otherwise, tho fact of a complete lithological change is patent to all. 

1. IIecapitulatiON of some Points in the rjun ious Paper. 

Besting immediately upon tlu^ grcy-cidoiired and sticky London 
Clay, distinguished by its lino and ])crie<'tly regular bedding, is a 
sliar]) yellow sand full of current-liedding. This yellow sand 1 
dubbed ‘‘ No. 1 Bagshots.” Then follows ilio first clay series, 
which I called No. 2, or the “ Blue Bagshots.” It is surmounted 
by a second sandy scries, referred to in my jirevious paper as “ No. 3 
Bagshots.’’ As far as llie now cutting for the widening of tho lino 
liad then progressed, there was no reason to suppose that No. 3 was 
succeeded by a second clay series, be 3 ^ond the fact that the line is 
rather wet thereabouts. For some reason tho contractor left this 
piece unexcavated, and even now (end of March 1887) thi.s portion 
lias not been fully excavated, so that there arc one or two points 
which cannot be ascertained by actual observation. 

The previous sections ((L J. (t. 8. May 188t>, ])p. 148, 157) refer 
entirely to Walton Common. The one on p. 148 is merely a gene- 
ralized section of the portion of the cutting then under description, 
whilst the details of the Lower Bagshot beds given on p. 157 are not 
continued to the end. Hence the section now offered (fig. 1, p. 445) 
must be fitted on to tho west end of the generalized section, which 
gives no details of the Lower Bagshot Beds, but merely represents 
their position with reference to the London Clay and Plateau-gravel. 
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The generalized section serves to show how deeply the Bagshots are 
eut into, there being no less than three places where No. is cut 
through to the level of the line. The spot where the old section 
actually terminates is a few yards to the westward of the third gap, 
where the plateau-gravel is of very great thickness. 

2. Continuation Suction (fig. 1 ). 

It is now proposed to carry the original section 300 yards further to 
the westward. The cast end of the new section (fig. 1) coincides 
with the boundary between Walton Common and Oatlands Park. 
For the space of 45 yards or i hereabouts the pale buff sands of 
No. 3 Bagshots may be traced lieneath the immense thickness of 
plateau “gravel. When last seen (about the point indicated by the 
arrow in fig. 1) this sandy series is strongly current-bedded, with a 
false dip of 7° towards the west. Then occurs a kind of hiatus 
where nothing is seen but portions of plateau-gravel. Yet a little 
further on and the clays of No. 4 are well seen on the bank-side, 
and very soon at least 12 ft. of these bods can bo measured on the 
elope. The actual junction with the presumably underlying No. 3 
series is nowhere visible by reason of the extensive denudation 
which the clay series has undergone towards its outcrop. But 
evidence of the former extension of the clay scries in this direction 
may bo soon in the clayey nature of ])ortions of the material com- 
posing the so-called ])latcau-gravcl at this point (n in fig. 1). 
Altogether the evidence is very much in favour of the clay series 
resting upon the sjindy series, and not /KOis'iiif/ into it by a process of 
lateral change, as is stated to be sometimes the case. And there is 
an additional ])roof of the truth of this view, that for some distance 
beyond gap No. 4 th(^ line remains quite dry, as tliough the 
argillaceous series, so visibh' on tbo slope, did not extend quite 
down to the level (^f the ])ermanent way. Presently the effects of 
the clay begin to he ft‘It upon the lim and throughout the remainder 
of the Sf'ction the iinballasUMl ]>()rtion is a perfect quagmire. The 
influonee of ibis clay is felt u])on the line considerably further than 
the section extends, owing to the iin])('rmoable surface throwing out 
all the water which p('reoLatt‘s the oveilying loose sandy series 
(No. 5). Tliore is an aj^iearance in the upper ])art of the clay 
which seems to indicate erosion ]>revious to the deposition of the 
overlying sandy series (No. 5); hut this is doubtful, and in the 
present state of the section it is impossible to clear up that doubt. 


3. CoMI’OSTTlON OF No. 4 BaCxSUOTS. 

Towards the east end thin seams of a pale-coloured loam, resembling 
the so-call('d pipe-clay, form the upper part of the scries, alternating 
wdth broAvnish sands, Avliich are rather coarser in the grain than 
those of No. 3. LoAver doAvii these seams are observed to be thicker 
and the clays loss bleached. As wo proceed AA-estwards the blue 
beds (4*) occupy the 6loi)o, and the greater part may be described as a 
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mass of brown laminated loams with blue centres. This constitutes 
the main exposure, where sandy intercalations are less frequent. 
The clay is greasy to the touch and behaves like putty when first 
handled, yet when dried and pulverized it is found to consist very 
largely of sand, chiefly quarlzosc, but with a fair proportion of 
glauconitic granules. Although tenacious and impermeable to a 
very high degree, it is doubtful whctlior these beds would constitute 
a good brick-earth. On the other hand these loams are much sought 
for by gardeners, as they are evidently possessed of v.-iluable fertilizing 
properties. The glauconitic granules arc much smaller than those 
of the Middle llagshots of Bt. Anne's Hill, which 1 use as a standard 
of comparison, and tho perijdicry of the individual grains is less 
smooth. On tho other hand there are fewer fractured granules 
than were noticed in tho lower beds. Thus, whilst in a sample from 
St. Anne’s Hill the grains average | millimetre in longer diameter, 
these grains are certainly less than one fifth. The bluer portions 
of the bods contain numerous nodular aggregates of sandy pyrites, 
from 20-50 millim. in length, usually in association with fragments 
of lignite. 


4. IlEMLiINDEK OF THE CUTTING. 

The portion above described was the last excavated, hut the 
widening of the line n '.sheen continued as far as 'VVey bridge Station, 
and the works are now completed between Walton and Weybridge 
Stations. As fur as Hainc’s llridgc (mentioned in the previous 
paper), tho scries Aio. 5 maintains its character as fine huff sand 
with clay laminations, and is not to he distinguished lithologically 
from Ko. series, lii fact these two scries arc certainly t5q)ical of 
tho Lower llagshots of tliis district, and both of them must be of 
considerable thickness. Tho ^'aso of the clay scries Ko. 4 may bo 
about 40 ft. above the London ’lay surface, but this depends very 
much upon the behaviour of Ao. 1, the very false-bodded scries. 
Above !No. 5 I luivc not succeeded in distinguishing any series at 
present, because^, west- of Jlaines llridgc, the exposures during tho 
widening were not of a clear nature, owing to the methods of working 
adopted. Uriglit yellow^ fine-grained sands, similar to those so well 
known between AV'eybridgo Station and the river AVey, arc seen for the 
most part ; still it is certain that (wen in this portion of the cutting 
there occurs a certain proportion of argillaceous beds. The precise 
mode of develo])ment of these Lower-llagshot clays could not bo 
ascertained, but 1 was led to siispijct that they form small basins 
of argillaceous matter in the midst of the sands. The exposures 
between Haines Lridgc and A\e54)ridge Station would lie in the 
very heart of the Lower Bagshots, here estimated by Prestwich at 
130 ft. in thickness. 


5. The Beick-eahth of Hatch. 

Thus far we have felt our way carefully, and tho sequence of 
tho Lower Bagshots in the railway-cutting may be regarded aa 
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settled up to a certain point. Hoiicefortli, if wo would further 
endeavour to study the development of the Lower Bagshots of this 
part of West Surrey, it will be necessary to take a leap more or less 
in the dark. We leave the positive for the inferential, and, what 
is more, we tind ourM'lves in collision with the (leologi cal Survey as 
represented in tlieir niap]>ing of the ridge known as Woburn ilill 
between Addlostoiie and Chertsey (sheet 8 of tlio solid geology and 
surface geology of London and environs). This Woburn Hill, or 
Woburn Paik, as it is sometimes called, eonstitiites a promontory of 
Bagshot Beds, about 90 ft. above 0,1)., projecting into the groat 
mass of alluvium and valley-drift at the junction of the Thames and 
A\ey, which takes ]daco about 30 ft. above O.I). The ridge is about 
two thirds of a mile in length from E.N.E. to W.S.W., and tlio 
upper portion is composed of a very stiff clay, which has been worked 
for a considerable period towards its western extremity at Hatch 
Earm. This forms a i)ortioii of the ‘‘ clays most extensively deve- 
loped round Addlestone and Chertsey, where they attain a thickness 
of 10 to 20 feet,” referred to by Prof. Prestwich * as constituting 
part of his Middle Bagsliot bods. It is not to bo denied therefore that 
the mapping of the 8ur\'ey in respect to Woburn Hill has the sanction 
of the great pioneer of Tertiary geology in the London basin. 
Before ])roceecling to express my doubts on tliis j)oint, and also before 
proceeding in the at tempt to define what should ho regarded as 
Middle liagshots in this part of West Surrey, I propose to give a 
description of the 

HdU’h-fann (JIdff-jjit (tig. 2,]). 448). — The pit is pracrtically a trans- 
verse section of tlio west end of the top of Woburn Hill, W(j ])crceivo 
at once that tlie briek-enrtli does not occur as an oi'dinary scam of clay 
parallel to the niifhaiying sand, hut that it occn])ios a basin-shaped 
liollow in that sand. There is, in fact, every reason to sni)posc, from 
the upward eiirva^ of the underlying series, that we simply see the 
transverse section of a lenticular mass of cla}% which on the nortli 
is truncated by the escarpment, but towards the south has tlie ap2)oar- 
aiice of going out iiltogeth(!r. Another feature in the brick-earth is 
the remarkable amount of current-bedding with a prevailing southerly 
dip, towards the centre of the hollow, in fact ; whilst further south, 
where the hollow in the sand is less pronounced, the laminations 
are almost horizontal. 

The clay of iliis pit is pretty strong, being used for making red 
bricks and stock bricks, wliilstthc presumably !Middle-Bagshot clays 
of Oijgar Hill, worked by the same proprietor, are also largely used 
for pipes and tiles. The blue portions of the clay arc full of flattened 
pyritous lumps of a different shape from those previously noticed in 
A^o. 4 of the Oatlaiids-Park cutting, and there is an abundance of 
microscopic crystalline aggregates of pyrites and some very fine 
quartz-grains. Carbonaceous matter is plentiful throughout, but 
glauconitic granules are scarce in all examples examined by me. 
The hill itself forms one of the stiffest clay soils known in this part 
of the country. 

* Q. J. G. S. vol. hi, p. 383. 



Fig. 2 . — Section in Hatch-Fanyi Clay -pit ^ Wohuni Bilh 
(Length of Section 160 yards. Datum-line about 60 feet above O.D.) 
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6. Probable Geological Positioit op the Hatch Brick-earth. 

In attempting to fix the position of this remarkable loam, or brick- 
earth, we must first arrive at an understanding of what is meant by 
Middle Bagshots. A casuist miglit argue, because Prof. Prostwich 
speaks of the clays between Addlestone and Chertsey as forming the 
base of the Middle Bagshots, that in point of fact these must belong 
to the Middle Bagshots, whatever the position of other beds assigned 
to that series may be. As a mere logical crux, there may bo sonu'thing 
to be said for tliis view of the case ; but geologists will have no 
difficulty in admitting, if the basal bods of tlie ^Middle Jiagshots can 
be shown to occur on a higher horizon in this district, and if such 
beds have been recognized, both by Prof. Prestwicrli and tlie Ofiiccrs 
of the Geological Survey, as forming the base of the Middle Bagshots, 
that in that case we must take the beds usually aceepted as the base 
of the Middle Bagshots for our standpoint, andtlu^ii s(*e if the Hatch 
brick-earth or loam can be brought into alignment u ith tlunn. 

Along the lino of the London and South- W estern Itaihvay it is 
clear, according to the meaning both of Ib'estwieh and the Survey, 
tliat the hrick-eartli (loam) worked on St. George's Hill forms jmrt of 
the basal beds of the ^tiddle Bagshots — tluTc 170 ft. above 0.1). 
But the type s(‘cti()n must he sought in the cutting on (JohLsworthy 
Hill, where Prof. Prestwich describes the basal beds of th(^ Middle 
Bagshots as foliated clays, more or less sandy, having a thickness of 
14 feet and resting on IBO feet of “ Jiower Bagshot Sands.’’ 

Wc are not now discussing the question as to what are the h(‘Bt 
divisions for tlui Bagshot series of the London basin tak<‘n as a whole. 
Tlie real issue to he decided at present is wliethoj' tlu^ Hatch brick- 
field is in aligiimoiit with the basal beds of the ^Middle Bagshots as 
defined by Prestwich in the 0(ddsworthy cutting ; if it- is below that 
horizon it should be maj>ped as pJirt of the Lower Bagshots notwith- 
standing its argillaceous character I am di8j)ose.d to think that 
it docs lie below the hasixl ]>eds thus defined, and moreover that it 
differs somewhat in character from the basal beds of tlie Middle 
Bagshots as seen in the clay-pit on »St. George’s Hill. 

The considerations for determining the point at issue are partly 
stratigraphical and partly lithological. We nuistnol, J admit, jdaco 
too much reliance on the latter, considering the. variable and uncertain 
nature of such accuraulatioiivS. 1 would merely indicate that the 
general character of the standard basal clays of the ^Middle Bagshots 
is much more regular, there is less of such very accentuated false- 
bedding, and the material is more frequently of the nature of a jupc- 
clay. At the same time there are certain well-known features 
common to all Bagshot clays, such as their loamy and laminated 
character, abundance of carbonaceous matter, and other conditions, 
all pointing to considerable similarity in origin. Hence wo must 

* It may perhapa be a legitimate question how far physical peculiarities should 
determine the tnap]>ing of a series. If by Ijower liagnliotH it is intended to 
represent sandy IkhIs, and by Middle Bagshots loamy f)r clayey beds, then 
Woburn Hill is correctly mapped. But although this arningement is suitable 
to the economy of the case it cannot be satisfactory to geologists. 
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not expect tlie lithological contrasts to be strong or reliable in all 
cases. The standard basal clays of the Middle Bagshots are nothing 
more than a repetition on a higher horizon, and over a more extended 
area, of argillaceous conditions which have obtained from time to 
time throughout the so-eallod Lower Bagshots. 

The stratigraphic al aspect of the (luestioii, as to the geological 
position of tlie Hatch biick-earth, presenls more material for our 
consideration, tliough I am willing to admit that the evidence 
presently to be adduced is not absolutely conclusive. Before 
venturing on a diagi’ammatio section across eountiy, let me recall 
one or two facts in connexion with the (Jlay-])it. The lenticular 
cliaracter of the de])osit is obvious. Tin? base may ])e tiiken at 
00 ft. above 0.1). where the ina.ss is thickest, and tliis is about 
25 ft. above tlie general level of the Thamc's at Cliei tsty. There 
is a well conimoncing in the underlying sand, f Jio mouth of which 
is nhout 75 it. above 0.1). This well is said lo be ‘>5 ft. deep, all 
ill sand, and had 0 ft. of watiT in January This makes the 

wat(n*~line in that ]>arb of Wolnirn Jlill 14 ft. higher tluin the 
geiKU'al level of the Thames at (Mi(*rts(‘y. Siudi indicalions point to 
tli(' })roba]>ility of eday at no great deptli from the bottom of the 
Midi, siiKM^ Ihc^ Modl can hardly he deep enough to reach the valley- 
M'ater. At tlii^ same time 1 lay no very gi-eat stri*ss upon this 
comdusioii ; iirst, hecaiisi? llie various h'vids liave not beiai ascer- 
tained with ahsolulc aceuracy, and, sec.omll\ , hecaus(\ in a Bagshot 
country, the water is oftiai ludd up so curi(m>ly ami so cajiriciously 
as to make us shy of dra.M’iiig eomdusioiis then'lVom. 

liiaiviiig tlie (jUi'stioM of M’ater-limss, lot us oonsiihu* how far the 
general (pii'stioii of levels helps us to tix thi^ tiosition (d’ tlu' Hatch 
brick-(' 0 ,rth. With this olijeid i now viailure on a diagrammatic 
si'CdioiJ (lig. ]). 15;>). From Si. Anne's Jlill to Iho northiTii brow of 
8t. (iiHirge's Hill is a dislaiice of 5 miles, X.W. S.lk St. Anne’s Hill 
is 25i) It. above 0. 1 and t he north lirow of St. < ieorgo's Hill is 245 ft. 
aliove 0.1). Woburn Hill is just midway, M'ith an idevatioii of 1)2 ft. 
as a maximum. Thi* position of the ricognizial basal Ixds of tlie 
^Middle Jlagsliots is very well known on St. Oi'orge's Hill, and may 
be placed at about 170 fetd above' O.D. The actual jiosition of these 
same beds at St. Anne's Hill is not (jnite so eh'ar : but from general 
considerations J am disposed to regard lliis liill in its normal and 
unruinod coiiditioii, as having the folloMing composition : — 

* It is evident that 0 ]>in ions as regards this bill have ^a^•io(l at difforont times. 
It owes its exislenci* to an unusu.ally thick deposit of IJagsbot pobblc-gravcl, 
which occurs quite at the top 4»f tljc bill ami pri'sninably at the junction of the 
MiiUlle and llagsliots. J’hcse pebbles are sometimes wedded togetlier as 

a very Imrd (•t)ngloniera1e, and both this and the loose ]iebbles have been tumbled 
about, in every jmssibh' direction. St, (teorge’s Hill, on the other hand, is quite 
ditlerent in shape, and owes its origin to a strong deposit of the older plateau- 
gravel. 

It is iidmittod tliat the fixing of tlie line of the London Clay on SL Anne’s 
Hill is somewhat arbitrary, and 8t>ems nitlier opposed to the results of the 
sinking for water at th,o Holloway sanatorium (Whitaker, op. cit. p. OO). But 
as we read of passage-beds (?) into the London Glay, there is evidently an eiemeu 
of uncertainty in the Report. 
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feet. 

Roputed Middle Bagshots 00 

Lower Bagshots 1:?0 

London Clay 50 

Total above O.D 230 


This calculation brings tbo base of tlio Middle Bagshots in 8t. 
Anne’s Hill to 170 ft, above O.D. — a level almost identical with that 
on St. (ioorgc’s Hill. Making due allowance for errors and mis- 
calculations, wo may safely say that the levels are within 15 ft. of 
each other. 

A glance at the diagrammatic section (lig. 3) at once makes us 
iiKiuire why, if tbo basal beds of the ^liildlo Bagshots lie so high 
up on St. George's Hill and on St. Ann(‘'s Hill, tln^y should have 
descended so low in Woburn Hill, which lies between the two. In 
other words, is the mapping of Woburn Hill as Middle Bagshot 
justified ? 

The chief point for our considiM'atiori is whetluu' th(U*e exists any 
evidence of a trough between St. George’s Hill and St. Anne's Hill, 
pr()dnc(‘d either by an ordijjiiry syncline or by tu'osiou of a ])r(^-Bag- 
sliot surface. If tliere is no evbhuice of such a trough, tluai, on 
stratigrapiiical grounds, the Hatch brick-earth must bo a iiKunbor of 
tile Jjower Bagshots. I am (piite prepared to admit the exist.ciiee 
of some peculiarity hercabouls, because the Thames suddeady 
changes its moan direction just op[)osite Wobiiru Hill, nnjovers its 
former course for a few hundiasl yards, and then sutfers iinal (hdloc- 
tion to the The confluence of the Wey and the Thames 

marks the most southerly ])oint attained by tbo ])riricipal riv(T ; 
and no doubt the causes which induced and afterwards arrested the 
southerly eours(^ of the Tiiamcs are to ho sought in the nat ure and 
disposition of the beds in this immediate neiglibourliood. The 
Thames was ])robably drawn southwards by the fall in the Londoii- 
Clay surface, since it was much easier to eat away the loose sands 
of the Lower Ihigshots than the strong bhui clay on which they 
rest. Hence llu‘ most southerly point of the. Tharm'S valley probably 
coincidi'd with the maximum depression of the London-(*lay surface 
on the hanks of tlm main valh^y. But the caj> of clay on wliat is 
now Woburn Hill lielj)ed to keep togetli(*r the iiicoluircnt sands 
beneath; so that we jierceive »St. Aniicfs Hill, Woliurn Hill, and 8t. 
George's Hill are })rimarily caused by a capping of tenacious 
material wliich is of an entirely ditfereiit nature in each case. 

We are (]uitc prci)arod for a synclinal, then, if it can be proved 
to exist ; but at present I have not boon able to obtain evidence that 
such is tbo case, at least not to the extent necessary to bring the 
’Wobiirn-Hill beds into alignment with the basal beds of the Middle 
Bagshots. At the same lime, there can be no doubt that the fiill 
of the Bagshot base between Walton Common and the liiver Wey 
is considerable. Thus at the eastern extremity of the formation in 
this district, G5S yards west of Walton Station, the Bagshot base is 
85 ft. above O.D., whilst near the railway-bridge over the Wey it 
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cannot well exceed 30 ft. above O.D., and may be less. We have, 
then, a fall of say 55 ft. in 2^ miles in a direction from E.N.E. to 
W.S.W., which serves to show that the London-C'lay surface falls at 
the rate of 1 in 21 0 throughout thej^ortion traversed by the London 
and South-Western Itailway, between the abovc-nained points. 
There is also additional evidenc(i that the London-Clay surface 
continues to full very slightly still further down the lino, since the 
Eagshot hase at Ilrookwood is 21 i ft. heli>n> 0.1).*. Eut the above 
considerations wdll only slightly atfeert a lino drawn from St. George’s 
plateau to St. Anne’s Hill (tig. »‘>), \vhicli is nearly at right angles to 
the direction of the main L. & S.W. Jtailw ay. 

Bence, we arc not entitled to assume the existence of a marked 
synclinal in the }>oHition occupied by Woburn Hill on the evidence 
abov(‘- stated ; whilst, on the other hand, if there he no synclinal, 
tlae ascertain (‘d position of the recognized basal beds of the Middle 
Eagshots in the district is very much against the notion that the 
Woburn-Hill (day (Hatch brick-earth) should ho on their horizon. 
At the same time I am ready to admit that the base of the Ongar- 
Hill brick-earth, al)Oi]t two miles on tlie other side of Addlestone, 
which a])]>arently must be correlated wdth the rec{)gnized basal beds 
of the ^Middle Eagshots, cannot be much more than lUO ft. above 
0.1).; Iml even this is fully dO ft. higher than the base of the 
Hatch briek-('arth, and more in the direction wIuto the lingshot 
base is undoubtedly falling f. Altogether, it must bo considered 
that if the Hatch hriek-earth belongs to the I^liddle Eagshots, as 
indicated on the {Survey Maps, there must Ix) an exe(‘]>tional condi- 
tion of the local stratigraphy. In point of fact we are faced by the 
following ditUculty : — St^eing that the base of this hrick-carth is 
about GO feet above 0.1)., and assuming that the Lower Eagshots 
retain their average tlnckiiess of 120 ft., we should have the London- 
Clay surface GO ft. O.I). at this ])omt. It is for those who 

maintain that this hrick-earlli belongs to the Middle Eagshots to 
bring proof of this. 

Even in the actual valley of the Thames there is no instance 
that 1 know of, on the Surrey side, wli(*re the London-Clay surface 
sinlvs below 0.1). At (dieitsey, in tlie heart of the Thames- valley 
‘^shingle,’’ the London-Clay surface does not fall below Ordnance 
Datum, though it approaches very near it. At the brewery, where 
the wrdl-mouth is probably -Id ft. abovo 0,1)., this ha]>pons to be 
the exact thickness of the superficial beds, thus : — 


ft. 

Surface-mould and loamy clay 5 

Gravel and sand E5 

Dark sand 4 


Total of beds above London Clay 44 + 

* W. Whitaker, ‘On some Surrey M^elle and their Teaeliings, 'p. 47. 
t The clay bods at Ongar Hill and the adjawnt Row Hill afford a remark- 
able instance of the development of argillaceous beds in the Bngshot system, 
which seems to point to consiflerable variation in their volume and importance 
even on a well-recognized horizon. { Whitaker, op. cit. p. 49. 



X. Plateau-grnrel of St. George’s Jlill. 
y. Pebble-gravel of Bagsliot age on St. Anne’s Hill. 

Alluvium and shingle of the Thames Valley and its inlets. 
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Hence at Chertsey the Loiidon-Clay surface almost coincides with 
the Ordnance Datum. At the junction of the Wey and Thames I 
have no record, hut the well-sinker at Oatlands (Mr. Gray) considers 
that the “ blue clay ” will not be quite so low there as at Chertsey. 
At West Molesey the London-Clay surface is 7 ft, and at Thames 
Ditton, 14 ft, above 0,B. If these places in the valley of the 
Thames itseli fail to afford a LowdoorClay surface below O.B., how 
much less likely is it that the flanks of that valley should do so ? 
Unless there are exceptional cireumstanees, of which we have no 
proof, I should ho disposed to run the line of junction between the 
London Clay and the Eagshot beds in Woburn Hill at from 20 to 30 
ft above O.D. The effect of this would bo to bring the Hatch brick- 
earth comijaratively low down in the Lower Eagshots, and pretty 
nearly on the horizon of -tlio clays distinguished as Ho. 4 of the 
Walton-Oiitlands cutting. Not that those two deposits are by any 
means to bo regard(*(l as continuous, siiico all the evidence goes to 
show that clays occur in an irregular and sporadic fashion through- 
out the sandy beds of the Lower Eagshots. 

7. CoNCUJSTON. 

It may bo asked why so niiKdi imi)ortanco should ho assigned to 
the ])osition of those Eagsliot clays, or, to ])iit it more plainly, why 
a particular brick -earth should he rolcgalcd to the Lower rather 
than to the; Middle Eagshots. 

Tlu^re ar(‘ two lU’incijjal answers to this question. that wo 

should not neglect any o])poitunit y of studying the Lower Eagshots of 
the L(Hidon Easin, with a view to ascertaining tJieir composition 
and di?volopni(‘nt. tbroiiglioiit the district. The term “ Lower Eag- 
shot Sands,” ajqdiod by se ine peojde, is tliorougbly misleading 
lithological ti'rnis nsnally in* in siieli cases. Eiit altogether apart 
from the (jiiestioii of neniei (.lalure, tln'i’c arises a desire to possess a 
more coinpleto knowhalge i f these (Oirious beds. The more they are 
studied under favourahle iport unities and witlioiit projiidiec, the 
loss wo sliall liear of a passage hot ween a uniform deposit with 
marine organisms, like the Londt)ii Clay, and the irregular, current- 
bedded sands, loams, and clays wliich coiistitiito the beds usually 
known as tlie Lower Eagsliots. At present wo really know very 
little of the junctions liotweeii tlio Londtm Clay and "the Eagsliot 
Eods ; since thosi' of well-seetions are not very satisfactory, 
owing to the difleroiit ap]>earancc which the same beds are apt to 
present under a different stall* of oxidation, and also, in some 
cases, to the unlitness of those wlio have to prepare the sectional 
reports. 

The secoitiJ answer to the iinjuiry, as to the utility of these 
investigations, is mainly derived from the following consideration, 
viz. : that, until observers faiily realize the existence of important 
masses of clay and loam in the division usually known as the Lower 
Eagshots, we shall be continually finding beds referred to the 
Middle Eagshots which stratigraphically do not belong to them. 
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In this way a species of speculative stratigraphy is encouragedj 
which has no real foundation except in similar misconceptions. 
Thus, true progress towards a correct understanding of the history 
and constitution of the London Basin is retarded. 

With reference to the subject of mapping, if it is proposed that 
all argillaceous outcrops shall he coloured as Middle Bagshots, that 
is a question which must be settled elsewhere. But if this is the 
view taken by the authorities in charge of these matters, it 
obviously implies a reclassification of the entire Bagshot system. 

BrsctrssiON. 

The PiiEsiDENT congratulated the Author on the liglit he had 
thrown on the relations of the Eocene bods near Weybridge. Ho 
thought that tlie lenticular character of the beds of this age in both 
the Hampshire and London basins had been clearly sliowni. 

Mr. Whitaker said Hr. Iludlosion’s section of the JIatch-Earm 
Clay-pit suggested a synclinal, though probably the hollow was one 
of erosion. 

The junction of the London Clay and the Bagshot Beds in the 
Walton-Common section was singularly abrupt; as a rule those 
formations passed into each other. TIjo term Bagshot Beds was 
prcierablo to Bagshot Sands, for tho character varied. There was 
more clay to the Avest, in the llamxishiro Basin, and especially in 
Dorsetshire. 

Mr. litviNO gave some dcdails of a section at llighclero to show 
the transition hetA/eon London Clay and Bagshot. The sc'-ction 
tlirough Wolmrn Hill, if draAAUi to true scale, Avould show tho 
synclinal to be very shalloAv. The Haieh section appeared to he a 
mere cfisc of ‘^contemporaneous erosion and tilling up.’^ 

Mr. Hereies said he had seen no clays in the Bagshot Beds 
like those of Woburn Hill; but tliey resembled the basement bod of 
the Middle Bagshot more than any others. He Avas, hoAvcA^cr, in- 
clined to think Mr. Hudlestoirs conclusions Avere right, ])ut thought 
judgment should be suspended till the natni o of tlie upper part of 
the hill was knoAAUi. It had been said that tho clialk surface and 
tho beds iihove it Avere irregular ; if so, th(‘re, might be a lo(;al syn- 
clinal here, quite dist inct from the g(meral basiij-sha]>e of the dis- 
trict. Again, clay conditions might have set in earlier liero, so as 
to cause a great dcveloi)m(?nt of ^liddle-Bugshot clays at tlie exiionso 
of the sands of the Loavct Bagshot. He agreed Avith Mr. Hudlestou’s 
view of the Walton-Common section. 

Mr. Hxjdleston said tho suggestion of a great development of 
Middle Bagshot Avas diihcult to jiroAm or disprove. The curve made 
by the Thames at this ]>oint might, however, be due to a depres- 
sion of the Bagshots. The presence of passage-beds in a different 
district, as described by Mr. Irving, did not necessarily throw any 
light on the conditions i>rcvailiiig near Weybridge. In some cases 
the clays of tho Lower Bagshots might have been mistaken for 
London Clay. 
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If the London Gay passed into the Bagsbots there was an end to 
the unconformity for which Mr, Irving contended. 

Mr. Ieting said, in explanation, that he bad only argued that 
there was unconformity on the margins of the area. The case 
he had mentioned confirmed the well-sections he had previously 
quoted. There is no such passage in the surface-sections on the 
north side. 

Mr. Htjdleston was glad Mr. Whitaker thought that the Hatch 
brick-earth on Woburn Hill might be Lower Bagshot, and heartily 
agreed with his objections to the term Bagshot Sands. 
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33. On Kepkeltne-Eockb in BitiiziL, with Specia^l "Reference to the 

Association of Phonoute and Poyaite. By Oryillb A. 

Derby, Esq., F.G.S. (Read June 22, 1887.) 

The nepheline-rocks heretofore recognized in Brazilian territory 
are the phonolites and associated basalts of Fernando Noronha, a 
deep-sea island off the north-eastern shoulder of the continent, in 
lat. dP 5' S., long. 32^^ 24' 19" W., the volcanic nature of which 
appears to have been first recognized by Darwin in the ‘ Voyage of 
the Beagle'*. Recently a single small pebble from the little- 
known island of Trinidade, in lat. 20° 31' S., long. 29° 10' W., has 
come into my hands, showing that phonolite of somewhat different 
character from that of Fernando Noronha occurs at that place 
also. 

Recent investigations have shown that nepheline- rocks of a 
somewhat different character are also abundantly developed on the 
mainland, and in such favourable conditions as to throw light on 
the relations of the granitic type of foyaito or cluDolite-syenito to 
the other members of the group. The localities in which they have 
thus far been recognized are situated in the Provinces of Rio de 
Janeiro, Sao Paulo, and Minas Gcraes, and their relative position 
and relation to the main orographic lines of the region in which 
they occur arc shown in the accomj)anying sketcli map (fig. 1 ). Three 
of these localities, Carnpo Grande, Cabo Frio, and the peak of Tingua, 
are in the immediate vicinity of Rio do Janeiro, the latter being in 
the Serra do Mar range, the two former among its foot-hills. 
Further south another sot of localities occurs in tlio same range 
in the valley of the river Iguape. In the Manti(|ueira range the 
peak of Itatiaia (3000 metres high, and the higlujst mountain of 
eastern South America) and one or more other high peaks in the 
neighbourhood are composed of these rocks, wdiich occur also in the 
Serra do Bocaina, a sjmr of the Serra do Mar range on the oj)po8ite 
side of the Parahiba valley. The other two localities are the Pocos 
do Caldas (hot springs), on the southern margin of the great 
westward expansion of the mountainous area wliich connc^cts the 
coast range through the Herra do Canastra with the central range 
of Goyag, and Itambe in the Serra do E.spinhaco range, a northward 
extending branch of the Mantiqueira. As little more than a year 
has elapsed since attention was first directed to these rocks, and as 
the first knowledge of their existence in these different localities 
was obtained almost casually, it may reasonably be 8U])posed that 

* A few of the Fernand o-Noronha roeks are described by Rcnard (Bull, de 
I’Acjid. de Belgique, iii. 1882). .A very complete collection ma<lo by Mr. I. C. 
Branner for the Geologicfil Coraraission of Brazil has been placed in the hands 
of Prof. G. H. Williams for study. 
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iBiimre investigation will give them a very considerable extension 
beyond the limits above indicated 

At the Cabo-Frio locality, a rocky island about three miles long 
and 400 metres high is composed almost exclusively of foyaite of 
two distinct types, the least abundant of which is referred by Prof. 
Eosenbusch, who has kindly undertaken a microscopic examination 
of these rocks, to nepheline-bcaring augite-syonite. A single point 

Fig. 1. — Sketch Map of parts of the Provinces of Itio de Janeiro, 
Sdo Paulo, wiul Minas Geraes. 



of the island is occupied by a eonsidorablo mass of felspathic tuff. 
The adjoining maiiilandis composed of gneiss cut by numerous dykes 
of phonolito, basalt, amphibolite, diabase, and other rocks. A 
detailed description of this important locality is deferred for a 
future paper. At the Campo-Urande locality a network of dykes of 
diabase, phonolito, trachytes, and various kinds of basalt, one of 
which is limburgite, occur in gneiss in the railway-cuttings. Judging 

* Since the nbove tvus witten, I find the occurrence of nepheline basalt 
reported by Pohlinaii from Parnguay (‘Neues Jahrbuch,’ 1880, toI. i. p. 244), 
which makes it probable that the group of rocks here considered will be found 
also in the Brazilian highlands bordering the Paraguay basin. 
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from analogy with other places examined^ there should be some- 
where in the neighbourhood some central mass from which these 
dykes of phonolite, trachyte, and basalt radiate ; and an examination 
of the hills in the vicinity will probably reveal sucli a centre. It is 
possible, however, that they should be referred to the eruptive mass 
of the peak of Tingua, which is about 20 miles distant. Hero only 
the lower portion of a single spur has as yet been examined ; 
this is composed of foyaite similar to that of the principal mass 
of Cabo Frio, resting upon gneiss. Tliat it has not the character 
of a dyke in the place examined, is proved conclusively by 
a tunnel some 400 metres long, which has been cut through the 
spur from side to side. Gneiss, cut by small d\ k('s of basic rocks, 
occurs throughout the tunnel and for a fow metres above its mouth 
at both ends, but the surface of the spur al)ovo the line of the 
tunnel is occupied exclusively hy foyaite. Small dykes of basalt 
similar to those of Cani]>o Grande and of a Iraciiytie rock occur ; but 
thus far they have only been seen in the giuiss. The only 
phonolite seen is in a large houlder (»r ]»n>j(‘ctiiig jxiint in the midst 
of a foyaite area: it jmesents the ai)i)e.iran>‘(‘ of a. dyk(^ about two 
metres wide, with a sliarp line of demareation liel vveen it and the 
foyaite, which adheix's to both sides, 'riie idjonolito is Ihiekly 
spotted with inclusions or segregations (»f foyaili^ similar to tluit of 
tho sides, of all sizes Tip to an inch or nioi(< in diamehn*. Tlio 
cross sections of those inclusions show a tendency to geometrical 
forms, apiTcaring like sections of crystals Tln^ ap])earance is that 
of a dyke which had caught- ii]) fragments ol' tlu^ enclosing roch : hut 
the regularity of the distribution of ih(‘ inclusions and their similarity 
of form is against this view, whih‘. on the other hand, t in? ])heiiomcna 
to be described below from the ('ahlas locality make it seem 
plaiisihlc to RU])pose that tho ])honolil(i is a fiorlioii of tlie original 
magma tliat lias escaped e(»mp]et(‘ crystalJi/ation, and that tho 
inclusions are crvstalliz-ed segregations in tho midst of it. A 
peti’ographical study will douhlh'sw d(*t(*i*mine wliicli vi(;w is correct. 

Tho great mountain mass of Itatiaia, rising aliont metres 

above its base, is made* U]> for th<' most ]>art of a variet y of foyaite 
which has more of the granitic aspect than tlic ]>revailiMg rock at 
Tingua and Cabo Frio, and which has only heiai in(4 with in a 
suhordiiiate mass at tlic lattei- ])laco, rid'erred, as alicady stated, to 
nepheline-hearing angite-syenito hy Frof. lioseiiljusidi f. Foyaite 
of the ordinary type is also known to occur there, as lik(iwise an 
aphanitic rock, whicli may he considered a jilionolit.e or a fino- 
grained fo^^aite. As the excursion to lliis ]j(‘ak was made before 
my attention was drawn to tlic grouj) of rocks here considered, 
many other types doubtless passed unnoticed. The neighbouring 

* A siiuilfir inchifjion of foyaite in the })honolilc of FernaTido Noronha was 
found in a specimen from that jdace, when no large niasst's of foyaite were met 
with in a careful examination of the islaml. Prof. Eosenbimcli, to Aviiom achij) 
was submitted, regards it as an inelurled fragnjeut of an older rock. 

t A specimen of this r.;ck given to Mr. Henry Bauer, of Jguape, was sent by 
him to the late Prof, Lasaulx, who clescribe<l it in a recent number of the 
* Sitraingsbericht der niedet rheiniseben Gesellacbaft,' Bonn. This is the first 
published notice of the occurrence of these rocks in Brazil. 
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peak of Picu is known, from specimens collected in the bed of a stream 
flowing from it, to contain a variety of types of foyaite and other 
nepheline-bearing rocks ; and another prominent peak, called Itajubfi, 
in the same vicinity and in the same range is, judging from its 
topographical features, of similar structure. The Booaiiia locality is 
only known to me by a specimen of foyaite brought from there 
some years ago by the director of the I^ational Museum when on a 
botanical excursion. 

The Iguape region is only known to mo through specimens kindly 
furnished at various times by a German engineer, Mr. Henry Bauer, 
who has given considorablo attention to the colh'ction and study of 
tlio rocks of his district. Thoy include several peculiar types not 
yet known from other localities ; and suspecting that they wore 
associates of foyaite, I roc j nested Mr. Bauer * to search for that 
rock, which lie lias recently found at a ])lace called Jacu])iranga. 
Nojdieli no-hearing rocks also occur in the vicinity of Xiririca 
further up the valley, and there are reasons for supposing that a 
numlior of other localities will be found in that r<\gi(»n. The Jtambe 
locality is only known by a s]>ecimen in the National Museum of Bio 
do Janeiro, sent many yt'ars ago by the GiTinan gi^ologist Esehwege, 
under the name of diorite, and which is pronounced by Prof. Bosen- 
buHch to be a line examjih^ of nophelinite. 

A cursory oxami nation of some of the localities above imuitioned 
having sbown an apparent and hitherto nnsnspected relation 
between foyaite, jdionolite, trachyte, tutl, and ct'rtnin typi'sof basalt, 
I doti^rmined to visit tho Galdas n^gion, from whiib a speiumcn 
intermediate in eliiinietor between foyaite and plionolito liad eome 
into my hands, and Avliere a railwtiy under construction gave 
unusual facilities for oxaniiriing this series, while ])ruximity 
of a sedimoulary formation of jialjcozoic age gave ho[>es of ob- 
taining some idea of its gt'ologieal age. A s[)lendid develojimerit 
of foyaite, i>honolito, and tuff was found associated with seviTal 
types that have not yet been nu'l with in the other localities. 
The tejihritie basalts which charaelerize tho other places are rejire- 
sented by hnicit e-basalt and by a pi'culiar rtx'k liaving the external 
aspect of a diabase, in wliieli jdagioelast* is tlie predominant clement, 
and which 1. sus]>ect will prove to he teselu'uito. Trachytes, if 
rcjirosent I'd, only apiioar in dykes too much decomjioscd for accurate 
determination. 

The Mog 5 "ana railway, starting from Campinas in tho province of 
Sao Paulo, runs in'ar the margin of the mountainous ])latcau of 
southern Minas Goraos and (he sediniiuitarv plateau of Sac Paulo. 
The former, e()m]>osed of gneiss and met amorphic schists, has a 
moan elevation of from lOlH) to 1 metres ; the latter composed of 
liorizontal strata of shale, sandstone, and limestone, cut by numerous 
and largo dykes of diabase, varies in elevation between (>(M) and lOOO 

* Among the r«>eks sent nio by Mr. Bauer is olivine-basalt (liniburgite). In 
the other two localities in which it is known (("ampo Grande and IMiigua) it 
occurs also in connexion w’ith the group of nephelino rocks here cousklerod, 
and it may be susjweted tliat tho relation is uol purely accidental. 
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metres, tbe higliest of tlie denudation-ridges in the part here con- 
Bidered rising to a little over 700 metres. The geological age of 
this plateau has only in part been determined. The lower beds are 
soft shales and sandstone with flaggy siliceous limestones, which 
last are remarkably persistent, having been found across nearly the 
whole width of the Provinces of Stio Paulo and Parana, a distance 
of about 300 miles. The limestone has afforded fossil reptiles, wood, 
and a few unsatisfactor}" shells, all of which indicate Upper Palaeozoic 
(Carboniferous or Permian) age. The most satisfactory fossils are 
the silicified woods, which include Lepidodendroids, conifers of the 
DafJooeylon-tY\)o (conifers with a single row of pores also occur), and 
ferns of the tyi)e of Ps tronius. Above the limestone come heavy 
beds of sandstone with intercalations of a mdaphjTo-like rock, often 
porphyritie and aiii)’g(laloi(lal, which has not afforded fossils, but is 
presumalfly JVrrniari or Triassic. The railway for some distance 
out from Cam])inas is at times on tho sedimentary series, at times 
among gneiss hills of the inouiitainous /.one; hut after crossing the 
river Mogygiiassu the latter disappear and the main lino to Casa 
Eranca follows a flat-topped sedimentary ridge between that river 
and the Hi o Pardo, huivi ng tho Caldas group of mountains, which 
lies between the h(.‘ad-waters of these two rivers, to the eastward. 
The Caldas ]»ranch rims over the sedimentary series to within about 
10 miles of the foot of the mountain, where it disappears, giving 
way to tho gneiss foot-hills. Sediraentary rocks, however, ajipcar 
in a narrow belt along tho foot of tho mountain, and it is probable 
that the iiiterniption a])ovo noled is duo to tho fn(‘t that tho railway 
follows the bottom of a v«'ill(‘y, and that on tho heights on cither 
side the sedimentary strata ext(?nd continuously ix) tho mountain. 
At all events there are no reasons for supposing that the beds at the 
foot of the moiinfain belong to a different series from tliose further 
away, whose geological age is fixed by the occurrence near Casa 
Branca of limesfones with characteristic fossils. 

The railway ascends the mountain on oiKi side of the valley of tho 
Corrego (brook) do Quart el, rising in a distance of IS kilometres 
from S20 metn's at the ITata station to 1270 metres at the summit. 
The eruptive series begins to appear about 2 kilometres from the foot 
of the serra in a cutting near the Prata bridge, where a greenish 
sjxhted phonolitc n])])ears ussociate^d with gneiss. Th(*n follow a 
few low cuttings of sandstone of no special interest. The ascent 
proper commences with the ])as8age of a narrow gap between 
magnificent cliffs of sandstone rising about 50 metres almve the 
road-bed. This gap is cut through a narrow ridge set like a wall 
across the end of the rather broad valley of the Quarttd. The 
sandstone is a very hard firuvgrained white rock, broken by joints 
into small angular fragments, and is very similar in appearance to 
some of the beds of quartzite (itacoluraite) of the metamorphic series, 
and quite unlike the ordinary sandstones of the sedimentary group 
above described. That its relations are with this group rather than 
with the older one is, however, proved by thin beds of soft clay- 
shales intercalated in it near the base along ^ith a thin layer of 
Q.J.G,S. No.171. ^ 2 1 
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chert, this last being a very characteristic feature of the Carboniferous- 
senes of Bao Paulo. No fossils could be found, and its complete 
identity with the Carboniferous series could not be satisfactorily 
established, since it is possible, though not veiy^ probable, that two 
distinct formations in this region may be characterized by cherty 
layers. If it is distinct I am very strongly of opinion that it 
will prove to be older rather than newer. The beds are inclined at 
an angle of 15° to the eastward (away from the mountain), strike 
N. 20° W. So high an inclination is unusual in the series to which 
this rock is referred, which, whenever it has been examined, is essen- 
tially horizontal or with only slight local inclination. As, however, 
the eruptive activity of this region continued afttjr the sandstone 
was dej)osited, the disturbance may be regarded as local. Passing 
the gap the road bends round and follows the base of the ridge, 
cuttings in sandstone ai)pearing for a distance of two or three kilo- 
metres. In some of tliosc the rock is seen to pass into a tuHiiceous 
conglomerate containing pebbles of quartzite, and pebbles and 
boulders of eruptive rocks. A peculiar feature of this conglomerate 
is the jircsence of abundant and often large masses of brown mica, 
which, from its occurrence in masses of ooiisid era bJe thickness and of 
almost i)erfect crystalline form, not in detached Hakes, must have 
been formed in place after the coarser material of the rock was 
dei)osited. 

In the cuttings both the sandstone and the conglomerate are con- 
siderably decomposed, and the contact is not perfectly clojir. In one, 
sandstone is soon above, conglonieratc below, with no api)aroni line 
of demarcation between tliem, although the passage from coarse con- 
glomerate to tiue-grainod and homogeneous sandstone is an abrupt 
one. That an actual passage occurs seems to Ixj contirmed by the 
fact that in the courser parts of the cojiglomerate, and iu‘ar the 
Bup]K)sed contact, the cement is oxtreniely quai tzosc, whereas furtlior 
away and in the finer portions tlu^ ei*uj>tivo elements ju’edominate 
in the cement, and the same rock with its characti ristic crystals of 
mica presents the aspect of an ordinary hill*. The predominant 
types among the boulders of the conglomerate are two rocks which 
were not found satisfactorily exposed hi alia. One has the external 
aspect of a moderately coarse-grained diabase, ■which, under the 
microscope, shows remarkably fresh idagioclase as a predominant 
element, the other elements being til tered beyond recognition by me, 
and in a manner wdiich 1 have never seen in any di.abase. From 
its behaviour with acids it appears to contain nepheline, in -which 
case it is probably a teschcnitc. The other rock (tominon in the 
boulders seems to mo to be a somewhat altered phonolite, but, if so, 
it is much richer in iron than any undoubted phonolite that I have 
examimed. Undoubted specimens of phonolite also appear in the 
conglomerate. 

In one of the cuttings in sandstone a dyke of phonolite occurs, 
also a dyke of a rock too much decomposed for positive recognition, 
but which appears to be identical with the diabase-like rock of the 
boulders. In another cutting in conglomerate there is an inclined 
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dyke, about 9 metres wide, which is of extreme interest(fig. 2). Owing 
to decomposition, only detached fragments, still in situ^ of perfectly 
sound rock could be obtained, those near the margins being typical 
phonolite, those near the centre foyaite equally typical. Another 
case of the peripheral dcTelopment of phonolite as a phase of 
foyaite will bo mentioned hereafter. 

Fig. 2 . — Section of Decomposed Dylce in cutting, Cocrego do Quartel, 



iOn. 


a. Decomposition-iiodulos of phonolilo in docom posed dykt‘. 
h. Decomposition-nodules of foyaite in decomposed dyke. 
c. Decomposed micaceous eonglomemte. 

Leaving the sandstone and conglomerate area at an elevation 
of about 900 metres, wliich is presumably almutits liighest level, tlio 
road, wliile following in general a nearly straight lim» for about 10 
kilometn^s to the Cuscata station, near the summit winds about for 
a considerable space marked oti'by lateral valleys, in w’hich the road 
makes long and sharp bends to the easlAvard. The extreme points 
of these bends are marked by the Pinhalzinho culvert;, tlio tunnel 
and viaduct, the intervening distanecs being 3.^ ami 2 kilometres. 
Ill the l;-sliaped bends of Pinhalzinho and of the tunnel and viaduct, 
where the road crossing the lateral valleys enters most into the 
material of the mouiituin, nepheline-roeks alone are found, wdiilo 
along the projecting portion of the lower space a dark-coloured 
basic rock with x)rominent crystals of pyroxene is exj^osed in stweral 
considerable cuttings. This is in general totally decom[)osed, showing 
only rarely, in si)ot8, stony nuclei of a mottled bluish and browuiish 
colour and heavily charged with white Z(*olites; but in all cases the 
outlines of the pjTOxeue-crystals are sufficiently w^ell i)reserved to 
serve for its ready ideiititication. In one cutting only, b(;twcen the 
tunnel and Pinhalzinho, is the rock perfectly i)roserved. Two 
types are here presented : one is a jet-black basalt, which, according 
to a note kindly furnished me by Prof. Kosenbusch, is a leucitito ; 
the other is a bluish -black tuffaceous rock containing pebbles up to 
the size of the first of the leucitite, but as it also contains ])romirienfc 
crystals of pyroxene, the two rocks cannot be distinguished in the 
decomposed masses. The relations of these basic rocks to the 
nepheline-series is shown in two cuttings between the tunnel and 
the viaduct, represented in the annexed sketches (fig. 3). Both rocks 
are much decomposed, but in spots are sufficiently preserved to make 
their identification perfectly certain, while owing to the marked 
difference in colour of the decomposition-products the line of contact 
is remarkably sharp. I could not make out satisfactorily whether 
the leucdte-rock was originally a basalt or a toit The apx>earance 

2x2 
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li decoded bSlis of leoeite xook btmed beneath a fioir 

The former rbok ooours in the little valley between the 
enttbgs, the relative position of which is very much as repire* 
lifted in &e dgure« so that it is probable that the two masses are 
OOiine<^ed underneath a capping of phonolite. The pecnliar-shap^ 
detached mass in the left-hand figure can hardly be a dyke, and is 


Fig, 3 . — Sections on Railway near Pinlialzinho* 



a. Decorapoaod leucite rock. 
h. Decomposed phonolite. 


perhaps a fallen boulder enveloped in the phonolite. It is 4 miles 
wide in the widest part and lies about 20 metres awaj^ from the 
main mass. In the cuttings in leucite rock below Pinhalzinbo 
several dykes, from 2 to 4 metres wide, occur, some of which are 
evidently of decomposed phonolite, while one, which is better pre- 
served, althougli altered to some extent, is either a tracbytic rock 
or a more felspathio phonolite than any elsewhere observed. 

In the bends of the tunnel and of Pinhalzinbo there are considerable 
cuttings in dark blue ])bonolitc and in a peculiar rod rock intimately 
associated with it. J'ho latter is best preserved at the tunnel ; 
but even there, although the rock is a[)pareiitly perfectly sound, its 
brisk offervoBcenco with acid shows that a ])art of its original con- 
stituents have been transformed into carbonates. Under the micro- 
scope, I could iiiakc nothing out of it beyond the occurrence of 
minute dark microlitos in a very finely granular ground-mass. In 
places, dark red glassy crystals of hexagonal outline and irregular 
whitish sjjots occur sparingly ; both appear to bo of secondary 
origin. Generally the rock apj)earH very homogeneous, but in 
places thin undulating streaks of lighter and darker rod, giving an 
appearance of fluxion-structun*, are seem. In other places there arc 
patches and streaks of bluish and greenish plionolite, which appear 
to shade off into the rod roc:k wdlhout well-defined outlines, such 
fis would be expected if they were foreign inclusions. Patches 
of included pebbles and boulders with woll-defiiiod rounded out- 
lines are also seen ; and two or three large cuttings near Pinhal- 
zinho are exclusively through a coarse boulder- conglomerate, which 
is, however, so much decomposed that only on the closest scrutiny 
can it bo distinguished, from the ordinary red rock. This con- 
glomerate is well exposed in a ridge just above the tunnel, inter- 
oalatod between two closely adjacent ridges of the red rock, and 
passed by a cutting about 80 metres long and 15 metres high, in 
which hundreds of broken boulders with perfectly fresh fracture are 
seen. They are all woU rounded and of all sizes up to a cubic 



li^gled together in the giieate^ ooni^Bion, and lo<^iy 
nemented hy a paste of pebbles and minnte rounded grains of 
the nature as the boulders, With the exception of a few 
masses which are fragments of a preexisting and more firmly ebm-* 
paoted conglomerate of the same aspect as that of which they now 
form a part, all the boulders and pebbles seen are of the same 
chanicter and, to my eye at least, undistinguishable either macro- 
scopically or microscopically (except by a slight difference in colour, 
a light shade of red or a leaden colour being predominant) from the 
red rock of the adjacent cuttings. At one point a small mass of the 
red rock, decomposed, but e\idently in situ, rests upon the con- 
glomerate, which is also cut by a small dyke which, in its decom- 
posed state, also resembles the red rock, A relation is thus estab- 
lished between this large and almost detached mass of conglomerate 
and the smaller patches, which are clearly iucludod in the red rock, 
and the latter is thus seen to pass on the one hand into a fragmental 
rock, and on the other into a compact phonolite 

On the same spur, between the tunnel and rinhalzinlio, occurs 
the largest exposure yet known in the region of foyaite, which 
evidently forms a considorabie i)ortion of the mass of the spur, and 
appears in connexion with the red rock throughout a distance of 
about 2 kilometres. Tlio rock is in general of rather coarse grain, 
but of even texture, and weathers into large rounded boulders, 
which, if the massive rock Wfis not st*en in tlio cuttings, might bo 
taken for erratics. In one place, at the side of a small ravine, tho 
texture is porphyritic, with large and small jxdygonal ]>atchcs of 
coarse-grained whitisli rock and largo and ])orfect felspa/r-erystals 
scattered through a bluish finely granular ground-mass, in which, 
however, the granitic texture is still aj)paront. At the tunnel the 
relations of tho foyaite to the rod rock are very vvttl exposed. 
High up on the side of the ])eak above the tunnel a considerable 
mass of foyaite is seen close alongside of a considerable exposure of 
the red rock. The tunnel is excavated in a largo irregular dyke- 
like mass of foyaite that cuts the red rock, and is most iirobably 
continuous with that of the to]) of the peak some ^lOi) metres above 
it. This mass of foyaito is so]>arttted by an inUa’V(?iiing mass of red 
rock from another about metres further up tlie nivino. in which 
a quarry has been op<'ned. The annexed sketches (fig. 4) of the two 
openings of the tunnel and of parts of its sides near the upper end 
show the relations of the two rocks. At the upper end, the lower 
part of the arch is of the red rock, rising highest on tlie loft or 
upper hill-side ; the up])er ])art is of foyaite. A road cut on tho 
right side, on a level with the floor of the tunnel, shows the foyaite 
cutting out the small i)atch of red rock of the right-hand side of tho 
mouth, but giving way to it again a littlo further round tho hill. 
This appearance can only be exxdained by regarding the foyaite as 
an irregular dyke-like mass, some 10 metres or more thick, cutting 

Judging from the reference in Bosenbusch’s * Mikroskopigebe Physio- 
ffraphie/ vol. ii. p. 299, a comparison might be made between this rock and 
that from Tenerific denominated eutaxite by Fritsch and Beias. 



UB. 0. A. DlBBr OK 


tile red rook at a low angle. The tunnel, which describes a strong 
curve, soon enters wholly into the foyaite, which appears in the 
door, roof, and sides ; hut a few metres beyond, the red rock appears 
again irregularly, still rising highest on the left side when the 
exposure is continuous (3), while in front it is divided into three 
distinct masses, the foyaite sinking between to below the floor of the 
tunnel (4). The road-bed again rises above the level of the lower 


Fig. 4 . — Sections across and on the sides of the tunnel near Pinhakinho, 
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a. Foyaite, 


h, Eed rock. 


1. Upper mouth of tunnel. 

2. Lower mouth of tunnel. 

3. Left hide of tunnel near upper end. 

4. Bight hide of tunnel near upi)er end. 


contact of the foyaite and the red rock, and continues in the former 
to the lower opening, where the latt er again ap])oars in very small 
patches on each side, which only rise ver > slightly above the floors. 
The foyaite forms quite a regular arch over the lower mouth of the 
tunnel (2) ; this comes out at the upp^r surface of the mass, which is 
covered completely by the red rock. The latter is here so broken into 
small fragments as to resemble an immense heap of chestnuts, and a 
land-slide of this incoherent material had, at the time of my visit, 
revealed a considerable surface of tlie foyaite on the slope over the 
mouth of the tunnel. Tins contact- surface was irregularly undu- 
lated, and inclined at an angle of 1 o'-20'^. The rock-openings and 
a part of the interior contacts have been concealed by masonry, but 
a portion of the latter are still exposed. 

Both rocks near the contact are generally decomposed, and the 
red rock is everywhere too much so to reveal any modifications that 
it may have suffered. In places, however, the foyaite shows an in- 
teresting oontact-pbenomenon. At about a metre away the rock 
becomes finer-grained, and passes rapidly into foyaite porphyry and 
finally ^iiito true phonolite, thephonolidc facies extending for 10-15 
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centimetres from the immediate contact. Unfortunately I was 
unable to ascertain whether or not the same phenomenon is presented 
along the upper contact, as the places where it had been exposed 
were either decomposed or covered up by slides of the overlying 
red rock. 

Above the tunnel, for a distance of 5 or 6 kilometres, the cuttings 
(with the exception of those in the red rock and leucite-rock already 
mentioned, and situated close to the tunnel) are mainly in phonolite, 
generally much decomposed, and of no special interest. In one a 
dyke of phonolite is seen, cutting a mass of decomposed foyaite, 
showing that if a part of the phonolite (as in the case of that 
enclosed in the red rock and the conglomerate near the foot of the 
mountain) is older, or (as in the case of the peripheral portions of 
the mass at the tunnel, of the dyke in conglomerate above mentioned 
and of the rock described below) contempdraneous with the foyaite, 
a part also is newer. A cutting about 2 kilometres below the 
Cascata station shows inclusions of foyaite in bluish phonolite, some 
of which are of considerable size. These present sharply defined 
outlines, and are either circular or show a tendency to mimic poly- 
gonal crystalline forms. The next cutting above, which is through 
a broad low ridge of foyaite, exhibits exactly the reverse inclusions, 
that is to say, of phonolite in foyaite. 

This rock, which is apparently identical with that of two quarries 
off from the line of railway near the Cascata station, and almost in 
a straight line with the cutting, the furthest beiug at least a mile 
away, presents several interesting characteristics. The rock in the 
main resembles quite closely that of the tunnel, but contains a 
glassy honey-yellow ingredient, which has not been noticed else- 
where. It is also marked by indistinct circular spots slightly 
darker in colour than the generality of the rock, as if drops of oil 
had been sprinkled over it. In places also the nepheline, which is 
generally bluish, takes on a rather brilliant red colour, and appears 
to present more distinctly marked crystalline forms. 8mall points 
and thin irregular lines and, in one case, a pear-shaped inclusion 
two inches long, of an ameth3’stine colour also appear. The most 
interesting of its peculiarities, however, are the inclusions. Some 
of these are irregular masses more coarsely crystalline than the 
enclosing rock, which, owing to the predominance of large crystals of 
felspar, have something of the aspect of pegmatite. Others are 
pebble-like masses of finer-grained and darker foyaite, while others 
again, and those are the most common, are of phonolite. These aro 
of all sizes up to that of a marfs head, with sharply defined and 
generally angular outlines, though without the mimicry of crystal- 
line form presented b}' the reverse inclusions of fojraito in phonolite. 
The smaller inclusions, often no larger than the end of the thumb, 
are perfectly homogeneous in appearance ; but in some of the 
larger ones there is a more or less distinct mixture of granitic and 
felsitic material. Two of the largest inclusions seen are here 
represented (figs. 5 and 6), 
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Kg. 5.—PkonoUte-itu:lvsion in Fig. Q.—Cnjstalline inclu$ion in 
Foyaite, me sixth natural Foyaite, reduced about one 

size. 




Tlic larf;(T oik* 5), wliioli i.s indies lonf^aiid inches 'wide, 
is ahluo idiDiiolile, willi tolerably almndaiit CTyiStallineinclnsions in 
the lett-liand ]inrti(m, which become rarer towards tlie ri^ht. On 
the .left side tliere is also a lonp;, curved, ribbon-like inclusion of 
foynite, which shades oh at the low’er end into the including? rock 
throiij^h a p'oup of scat tint'd crystals, sneb as are coininon in phono- 
life. Tbo other one (lip:, ti), wddeh is about d inches Ion", is rt'jire- 
senteil above us it. ap])ears on an irregidurly fracturt'd surface. The 
dark-shaded ])ortion is felsitic, and may, 1 think, ho considered as 
phonolite, notwitlistaiiding its ahuiKlant crystalline inclusions. It 
forms a distinct slieatli, sliarply delined against the enclosing foyaite, 
about the whoh* inclusion, and also about the three princij)ai 
crystalline masses imbedded in it in the lower ]m.i t of tho mass. 
It appears, however, to shade into Ihcsi*, and into tlio smaller and 
less-defined inclusions of the upper part. These masses diffiT con- 
siderably in aspect from the enclosing foyaite, and ai'e lleeked with 
small dark patches apparently related to tlie felsitic mass. As 
tho specimen has been ])hiced in tho hands of Pn)! llosenbuscli, no 
further description of it w ill he attempted here, as, for my present 
purpose, it is sufficient to signalize tho double nature of tho inclusion, 
that is to say, of a rock of granitic texture in one of felsitic character, 
which is itself enclosed in a rock of granitic tyj>c. The appearance 
of this and other inclusions, coupled with the facts already stated, 
as to the occurrence of ])honolite as a periplicral facies of foyaite, lead 
mo to regard tho inclusions, whether in the one or the other of the 
rotiks, as paits of the same original magma. A ])ctrograpliical exam- 
ination will doubtless determine whether this view is correct or not. 

Prom the cutting in foyaite, above mentioned, to the Cascata 
station the road wdnds for about a kilometre around a prominent 
spur, some 400 metres wide, of bluish-black and greenish tuff, which 
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in general appears quite homogeneous, but in many places shows 
layers and patches of pebbles up to the size of a hen’s egg. Tlie 
pebbles could not he certainly recognized, but the most abundant 
appear to be similar to the diabase-like rock of the conglomerate 
at the foot of Uie mountain, only tinor-graincd and somewhat 
altered, so that only lath-shaped felspars could bo made out with 
certainty. This tutf further resembles that associated with the 
conglomerate by tlio presence of rare and small Hakes of brown 
mica. It is cut by small dykes of phonolite, and by dykes about 
20 centimetres wide, too much decomposed for recognition, but 
which appear to bo of a basic rock. One mass which i had noted 
in a Held as a dyke, one metre wide, of a basic rock, ]>rovcs on exami- 
nation to be composed mainly of granuhir quartz and magnetite, and 
is probably not a dyke, tliough it certainly presents the appearance 
of one. The tuff is also travel sed by horizontal vein-like masses, 
from one to two inches thick, of a highly fe]s})athic rock of granitic 
or coarse porphyritic tc'xturc', and by vcTt ical <l\ k(?K, fronOi inches to 
2 feet wiclc, of a rock that appears to he a more crystallino variety 
of that of the horizontal dykc\s or sheets. In the largest (»f these 
dykes, which is much dceomjiosed, the feispar crystals attain the 
diameter of an inch. In aspect tliis rock resembles the felspatliic 
veins of granite and gneiss much inorc‘ than it docs the foyaitic 
rocks of the region in whicli it occuis. Under the microscojio it 
differs markedly from any rock known to me ; but I suspcjct that it 
will prove to he mi augitcj-syeintc, or perhaps a liparitci. ^Vhatcver 
it may ho, it, with the phonolite dykes, servc's to cojinoct the tuff 
with the crystallino rochs of the rc'gion. 

Close by the Cascata station there is a small cutting in decomposed 
quartzite intercalated hcitwceii two cuttings in tnt}‘. ^Ihe rock is so 
decomposed and broken ]>y joints that its position could not be satis- 
factorily determined, but it ajqx'ars to dij> to the eastward at an 
angle of about 20 '^, It is cut by small dykes of phonolite and by 
very thin irregular veins of pegmatite, showing large quartz-grains 
and kaolin in the; fuim of felspar, wliieJi I take to be dilferent 
from the felspatliic dykes mid layers in the adjacent mass of tuff. 
In appearance the rock is not very unlike the sandstone at the foot of 
the mountain ; but its occurrence at a much higher level, the presence 
of granitic masses apparently distinct from tlio eruptive gioup that 
characterizes the region, and, above all, the occurrence in similar 
conditions at another i)oint, to be described below, of undoubted 
itaeolumite, lead mo to refer this exposure to a series much older 
than that represented at the foot of the mountain. 

At Cascata the road loaves the wooded slope of the valley of the 
Quartel and enters the Campo rej^oii of the mountainous ])latcau of 
Caldas. This xdatoau extends northwards some 15 or 20 miles to 
the Ilio Pardo, which, where I crossed it, flows at an elevation of 
875 metres. The mean elevation of the plateau is about 1200 metres, 
the undulating surface presenting differences of level of from 100 
to 200 metres. It is bounded on the west and north by an approxi- 
mately semicircular arc of ridges rising abruptly from 200 to 400 
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metres above tbe general level. Similar but shorter detached ridges 
(the Serra do Caracol and Serra de Caldas) to the southward and 
-eastward appear to complete an approximately circular or ellij)tical 
enclosure (fig. 7). This circular arrangement of the higher ridges 
is peculiar, and, taken in connexion with the character of the pre- 
dominant rocks of the plateau and of the bounding ridges, as far as 
-examined, is probably not without significance. 


Fig. 7 . — Sketch Map of the Caldas region. 



In the 18 kilometres of railway from Cascata to the village of 
Po^os the cuttings aro mainly in decvanposed rock, which is, however, 
sufficiently preserved in patches to show its original character, either 
in loose masses or in the traces of structure still visihle in the clay 
resulting from decomposition. The predominant rock is phonolite. 
Poyaite appears rarely in a few cuttings, always totally decomposed. 
No evidence of the existence of other rocks was met with, and the 
absence of dykes is noticeable. About 4 kilometres from Pogos two 
cuttings in decomposed phonolite show an ahuudance of decomposed 
analcime, some of the crystals measuring 3 inches in diameter. 
Near Cascata two quarries, already referred to, have been opened 
to the right of the road in hills of foyaite with abundant inclu- 
sions. ^ Close to one of these there is a hill of coarsely porphyritio 
phonolite unlike any variety seen on the railway. The crystalline 
inclusions are of all sizes up to an inch in diameter, with ill-defined 
limits and generally stained red, the red colour extending at times 
Co the ground-mass, which is normally bluish, the inclusions being 
white. This reddening of the rock without visible signs of decay 
has extended to nearly the whole quarry, so that masses free from 
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it are somewhat difficult to find. It is seen, however, to be most 
pronounced near the surface and in the neighbourhood of fissures, 
and is undoubtedly due to weathering or to infiltrating waters. 
This phonolite diflers further from aU other varieties seen in the 
region, except that of the Praba bridge, in being fit for a building- 
stone on account of its freedom from the fine joints and splintery 
fractures that generally characterize the Caldas phonolites. About 
the village of Po^os the phonolite is generally distinctly granular, 
and might perhaps be regarded as a fine-grained foyaite. The 
hot sulphur springs (temp. 45° C.) that give name and importance 
to the place issue from the midst of the phonolite. The hill elewe 
to the village (1600 metres high, the highest of the semicircular 
ridge) was examined for a distance of over a mile, and found to con- 
sist exclusively of phonolite. This rock also characterizes the road 
from Pogos to the Rio-Pardo margin of the plateau, occurring also 
with foyaite along the descent, but, apparently, not extending 
beyond the river. 

The Rio das Antas, the principal stream of the plateau, just 
before it breaks through the ridge to descend to the Rio Pardo, 
traverses for several hundred metres a considerable patch of 
quartzite. In places this shows the flaggy structure and other cha- 
racteristics that identify it with the itacolumites so abundant in the 
province of Minas. The geological age of the scries to which it 
belongs has not been determined for Brazil, hut it is certainly very 
old. Rocks similar to it and to its associates are called Huronian 
by many North- American geologists. The strike is N. 20° W. * ; 
dip 20° S.W. A small exposure of phonolite occurs close to the 
quartzite, and two quarries in foyaite have been opened in the imme- 
diate vicinity, but the relations of these rocks to the quartzite could 
not be seen. A little above a cascade formed by the quartzite there 
is another, in which the rock, at first sight, appears to bo similar ; 
but on closer inspection it is seen to be a greenish tuff enclosing 
fragments of eruptive rocks. This continues for a considerable dis- 
tance up stream, then isolated masses of quartzite begin to appear 
associated with it, though in no case could an actual contact be 
discovered, nor could ])ebble8 of quartzite be detected in the tuff, 
though grains of quartz and fragments of gneiss are not uncommon. 
Apparently, however, the tuff forms a layer on an irregular surface 
of quartzite, points of which occasionally appear through it. The 
tuff is traversed by joints running N. 70° E., and dipping 70° N., 
which in places produce a sort of flaggy structure. 

The Rio Pardo appears to form the northern limit of this eruptive 
group as the Rio de Prata forms the southeni. Going northward 
from the Rio Pardo only gneiss, mica-schist, and granite were met 
with between that river and the Rio Grande. North of the latter 

^ It may here be remarked that I found a north-wosterly strike predomi- 
nant between Caldas and the Serra do Oanaatra, as well as in that range, whereas 
in Eastern Minas and along the Serra do E 8 pinha 9 o the strike is almost univer- 
sally north-westerly. It is for this reason that I have ventured to suggest (l^ 
the dotted line of the map, fig. 1) the derivation of the Serra do Oanastra as 
a branch of the Mantiqueira range. 
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maaMIe (itaeolmsite) aEd metataorpHe-^edmt series (repre^ 
liiMid in CUdas region by tb© quartasite of the Eio das Antes 
OiMi^eta) appears In the well-denned mountain-range known as 
Sefra do Canastra, which forms the western wall of the SSo 
"KiWmisco haain and the watershed between that river and the upper 
' £#raha« The sandstones and bedded raolaphyres of the upper part 
the Sac Paulo plateau abut against the western side of this range» 
^ir eastern margin cutting across the rivers Pardo and Grande, 
some distance to the westward of the Caldas mountains. Gneiss 
is said to occur on the mountainous plateau near the city of Caldas, 
and fine and large crystals ot zircon come from the same locality, 
leading to the suspicion that zircon-syenite or a zirconiferous variety 
of foyaite may occur in that vicinity. The limited time at my dis- 
posal did not permit mo to Ibllow up this interesting suggestion 
Ponding the detailed microseojne examination of the Caldas rocks 
which Prof, Jloscnbuscli has kindly undcTtakeii, it does not seem 
desirable to attcnii>t to go very tar lu drawing couelusioiis from the 
observations recorded in this iut cresting region. It is hoped, how- 
ever, that this imperfect ex])osilioii may ])rovo.a8 convincing to the 
minds of others as the phenomena observed in the field were to my 
own mind on the following points : — 

Ist. The substantial identity as regards mode of occurrence and 
geological ago of the Caldas plionolites and fojaites. 

2nd. The eoiiuexion of the latter through the jihoiiolites with a 
typical volcanic so lies containing both tlcoji- seated and aeiialt^pes 
of deposits. 

«Trd. The e(|ual, if not greater, aiitiijuity of the leucito-rocks as 
compared wdth tiie nephcliiie-ioeks, whether felsitic, as phonolito, or 
gianitic, as fiiyaite. 

4th. The proliahlo I’alu'o/oie ago of the wdiole eruptive series. 

The interruption in tlu^ seitiou of tlie hedimeiitary series near the 
foot of the Caldas mountains renders the last (‘oiiclusion less positive 
than could be dt'sired. The conglomerate at the b.ifc>e of the sand- 
stone at the foot of tho njoniitniii piovts that the eruptions coin- 
monced befori' or during the deposition ot the sandstone, while tho 
dj'^kes cutting tho latter show that thej continued after the deposi- 
tion. It is certain that at the time when the jiresont sedimentary 
plateau of Hao Paulo was occupied by a late Palmozoic or early 
Mesozoic sea, the Caldas mountains, wdth an elevation of at least 200 
metres, rose cither at the margin, or not more than 10 miles distant 
from the margin of that sea, and this, in accordance witli tho law of 
tho relation of volcanoes to the coast-line, may be taken as an argu- 
ment in favour of tho groat age of tho eriijdions, since no late 
Mesozoic or Tertiary marine dc}>osits are known nearer than tlio 
present Atlantic coast between Itio do Janeiro and llahia, or the 
Pampa region of the Paraguay basin. Erosh water Tertiary deposits 
are knowm about tho city of Sao Paulo aud between the Serras do 

♦ Zircon has not been recognized in any of the Brazilian foyaites thus far 
examined. S^one is a characteristic and abundant raicrosoopic accessory in 
that of Oalte Frio, Tingua, and Itatiaia, but has not been observed in that of 
Caldas, which also differs in other respects from that of the other localities. 



3Car and Mantiqueira m the valley of the tarahiba; hut thea© are 
^ertaiiily newer than the eruptione of similar material of ItaMaia* 
Unfortunately the other localities mentioned in this paper a:9or4 no 
prospect of throwing light on the geological age of the nepheline- 
rocks, as there are no sedimentary beds in their vicinity interme* 
diate between the gneiss and the recent deposits. They promise, 
however, to give important results on the relations of various types 
of eruptive rocks, and it is hoped that an opportunity will soon be 
afforded for examining and describing them more fully. 

Discussion. 

The Pbesident said it was seldom that a paper containing such 
important facts was presented to the Society. It was reserved to 
Mr, Derby to have proved that plutonic rocks containing nephelin© 
(foyaite) passed into volcanic masses which were true pbonolites. 
This Mr, Derby had clearly established by observations in the field. 
He had also shown that Icucite existed in rocks of palucozoic age, 
thus rendering untenable the last stronghold of those who insisted 
on making geological age a primary factor in pctrographical classi- 
fication. He alluded also to the value of the iridcpondeut determi- 
nations of Prof, llosenhusch, 

Mr. Bauerman had been over portions of the ground with the 
Aiitlior, and was glad to add his tfnstimony to the value of the 
paper. He spoke of the importance, in a geological sense, of these 
generalizations. It was remarkable how highly crystalline masses 
of rock pass over into a sort of phonolite. These were associated 
with palaeozoic masses, which were pre-Perinian or at least pre- 
Triassic, He alluded to the difficulty of investigating Fernando 
Xoronha, and also to the difficulties attendant upon the investigation 
of rocks in Brazil, which were subject to such an enormous amount 
of local alteration. 

Prof. Boxney also expressc'd his sense of the value of the paper. 
He alluded to the comparative rarity of nophelino- and leucite-rocks, 
and to the confusion in the nomenclature. Ho was reminded of the 
nepheline-rocks near Montreal, whore doloril.e was broken through 
by nephcline-syenite, associated with tephrifes and pbonolites. 
Although there might bo a doubt here, these rocks w^'cre most pro- 
bably of Silurian age ; but the evidence in Brazil was still clearer 
as to the paloGOzoic age, and he believed tliat, in tlie case of some 
other masses, the evidence had satisfied the Canadian geologists. 
He alluded also to the nepheline-rocks in the Katzon-Biickel, where 
there was a similar passage from coarse-grainefi to fine-grained. 

Dr. Hatcu said that in this case lencitc was clearly shown to he of 
palseozoic ago, and he regarded the paj^er as a step towards the bettor 
classification of this grouj> of rocits. 

Prof. Seeley asked for evidence as to tlie identification of the 
leucite. 

The President thought there was no possibility of mistake iu 
this respect. As regards the rocks of the Katzcn-Buckel, none 
were truly holociystalline, and hence they could not be compared 
with foyaite or elseolite-syenite. 
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84. On some Occttreei^ces of PiEDMOsrxrTE-ScHTST in Japait. By 
Prof. Bukdjiro Koto, Ph.D. (Head June 8, 1887.) 

[Communicated by Feank. Rutley, Esq., F.G.S.] 

As already stated in a former paper the occurrence of mangan- 
epidotc or piodmontito is often associated with glaucophane-hcaring 
rocks in the crystalline-schist system in Japan. The rock which 
contains piedmontite as an essential component is well characterized 
in outward apj)ea.rance, being of a dark violet colour ; hence it is 
locally named the ‘ mnrasaki ’ or violet rock, and it is most typically 
developed in the Island of Sikoku, especially in the neighbourhood 
of the city of Tokusima. 

The tirst specimen that came under my notice was brought from 
Mount Otakisan, one mile to the south-west of the last-named city ; 
and many localities have since been added to the list of places where 
it occurs, so that wo arc now able to trace out the geological 
horizon of the piedmontiie-bearing rock (‘verywhero within the 
crystalline-schist system of that island. Tin* rock is, however, not 
exclusively confined to this region. It als<» has a wide distribution 
in the provinces of Musasi and Kozuke, on flu* main island, Honsiii. 

The piedmontite is associated with fine (piartz-grains ; and by the 
parallel position of the former, the rock itself assumes a schistose 
structure, a vertical section presenting a iH^giilarly banded ap])earance 
resulting from tln.j alternation of lino piedmontite layers with those 
of (piartz. 

The accessory components are muscovite (hydrous mica of I*rof. 
Bonney t), greenish-) el low garnet, rutile, some felspars (probably 
orthoclase), blood-red iron-glance, and also opaque crystals of the 
same mineral. This is the fy])ieal j>iedmoiitiie-schist. In the 
glaucopham^- bearing rocks J manganepidote also makes its appear- 
ance, but it is subordinate in (|uantitv to glaucophane, and its 
place is often supplied by common yellowish-green epidotc. We 
shall, first of all, speak of the epidoto in the piedmontite-schist. 

(a) Piedmontite. — Crystals of juedmontito are usually much 
elongated, traversed by transverse irregular cracks and fissures, 
sometimes broken, and then the dismembered parts form chains, 
with faces striated in the direction of the axis of symmetry, Nearly 

all the cryst als lie with the orthopinacoid ( ooPoo ), parallel to the 
planes of schistosity of the rock. 

Unlike the common rock-forming epidote, in which well-defined 
crystallographic forms are seldom to be seen, these crystals of pied- 

montite have usually well-developed faces of M (oP), T ( ooPoo ), 
f(JPoo ) n(r), sometimes r(Pa6 ) as in fig. 1. 

The clinopinacoidal section ( ooPdb ) is, as a rule, of an oblique 

♦ Journal of Sicence College, Imperial University, vol. i. part 1, p. 85,. 
T5kyo. 

t Min. Mag. vol. vii. no. 82, July 1886, p. 8. f Loc. cU. p. 86. 
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rhomboidal outline, caused by tbe predominance of the traces of TT 
and M as in the figure, and if the faces r or i be also developed 
the section will then be six-sided ; but the latter case is less frequently 

seen . In common epidote the face r(^ab) is said to be a predominating 

element, and, as a rule, it is more perfect than the face T ( ooP^ ), 
In these piedmont ites the face r is very poorly developed, and it 
is usually not visible even in the clinopinacoidal section, the outlines 


Fig. 1 . 



of which aro never regular, owing to the fact that there are an 
infinite number of prorainenct^s and iiideutations, and they aro some- 
times even knee-shaped, just like twins of rutile. All those facts 
are due to the parallel growth and intorgrowth of two or more in- 
dividuals of different sizes ; the striations commonly observed on 
the faces i)arallol to the ortho-axis arise mainly from these causes, 
and proportionally few of tho striations cun bo attributed to the 
twinning. 

Extinction takes places simultaneously in all tho individuals that 
enter into the formation of tho complex crystals, and this would not 
occur in the case of twins. Some of these remarkable forms are 
given in figs. 2, «, c. 

Fig. 2. 


ah c 



Twins are comparatively rare, and, if i)ro8ent, they are of a common 

type whose plane of twdnning and composition is T ( ooPx ), the ex- 
tinction-direction of the one individual making an angle of 6® with 
that of another (fig. 3). The traces of cleavage upon M, in both 
individuals, meet at an angle of about 130°, just as in the case of 
common epidote described by E. Eecke * and H. Keusch t. The 

Tschermak, Min. u. petr. Mitth. 1879, p. 837. 
t Neues Jahrb. fiir Min. etc. ii. 1883, p. 87. 
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crystal individuals of twins differ considerably in their size, and the 
one bears a parasitic relation to the individual to which it is attached. 
The colour and the behaviour of pleochroism in twins are exactly 


Fi^. 3. 



Himilar in most cases, so lhai the existt^nce of twinning can only bo 
reoogniz(‘d by a sliglit difference in <he shacb' of colour of both 
crystals under cross(‘d nicols, and also in the direction of the traces 
of cleavages upon M. 

Cleavagi's upon the base (oP), and ort}io]>inacoi(l ( ooPc/o ) are 
sometirac^a observc'd ; but. in minute crystals they are, as a rule, less 
distinctly developed than in the larger individuals ; for in the 
majorit y of cases the smaller ones are perlcctly ffee from such tTac(?s 
of cleavage. 

The angle of ol)li<]ue extinction : — c : A =3°. TIk' axial colours : 
A = deep r(?ddish- violet ; C^=brownish red ; light violet. The 
degree of absorption ; A>0>P: while in common epidote it may 
be expressed in the following scheme C >P > A. Therefore the 
cli nopin axioidal sections of this miiuTal show ihi' most intense colours, 
whiles those parallel to the ortho-axis dis]>lay a light(*r tint. When 
a slide is prepared in the direction of the j>lanes of schistosity in 
the rock, wo usually see s(‘ctioiis approximately parallel to the 
/>“axis ; but we also perceive a marked ditf(T(mce in the colours 
of various sections sugg(‘stive of entirely different minerals; the one 
is a dceji violet, the otluT a brownish yellow, ils thcTc arc great 
diflPereiices in tht? axial colours already stab'd, it may be naturally 
expected that a section panilhd to the basal pinacoid M is of a 
brownish yellow ; for we sec the combination of the axial colours of 
C and B ; that which is taken nearly parallel to the orthopinacoid 
T is of a deep violet (a combination of A and B). The clinopina- 
coidal section shows the deepest shade of colour, the face-colour 
being a combination of C and A. 

* Eosenbuach, " Mibroskopische Physiograpliie,’ i. p, 497, 2te Auilage. 
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The extinction-direction is, of course, parallel and at right angles 
to the longer sides of sections in the zone of M a<nd T, and the in- 
tensity of the colours also depends upon the section in this zone. 
The polarization-colours are magnificent, ranging from an intense 
violet to an indigo-blue tinge, and this becomes more pronounced 
if we insert a quartz-plate in the tube of the microscope. 

The piedmontito is generally pure ; neither liquid-cndosures, 
g!iS-enclosurcs, nor microlithic interpositions being found in large 
quantities. Minute crystals represent the ideal purity of the 
mineral. 

This mineral has been isolated from other constituents of the 
schist from Otakisan, Awa province, by means of Thonlet/s solution. 
The result of the chemical analysis, kindly undertaken by Mr. J. 
Takayama, of the Geological Survey of Japan, is as follows: — 


SiO, 

Al./), 

Ee 0 

;30-l(> 

22-52 

9-33 

Mil./), 

t>-43 

CiiO 

22-05 

MgO 

0-40 

K,() 


Na.,0 

0*44 

H,() 

3-20 


100*r):i 

II : Ca : : 1 : 2 2 Ca : R : Si : : 1 *25 : 1 : 1-92 

(b) Comjiaruon with other Occurrences , — On comparing the result 
stated above with anal 3 ’scs of Swedish and Alpine epidotes * our 
mineral shows in some i)articulars a marked dilfi^rence in the per- 
>ceutage-composition from both of them ; there is nevertheless a 
general resemblance in all, and the Japan(‘se epidote supplies a 
hitherto missing link !)(?tw(>en that of Jacobsberg, in Sweden, and 
tliJit of St. Marc(il, in Piedmont. Mr. Takayama slaters that ho is 
as yet unable to decide whether the manganese in the Japanese 
epidote exists as sesquioxide or as monoxide?, or as both. Igelstrom 
suggests that the Sw(?dish mineral contains manganese as tho 
monoxide, while otluTs are of opinion that in the Alpiin? epidote 
the manganese exists only in the condition of sesquioxide. Some 
mineralogists therefore hesitate whether they should he regarded as 
the same mineral varitityf. The writer h(ifore expressing himself 
decisively on this point awaits the results of a more complete 
examination. 

Being of a very beautiful rose-red colour, highly pleochroic and 
acicular in habit, piedmontite is frequently confounded with tour- 
maline, and as such it was at first regarded by us. Br. E. NaumannJ 

* Bammelsberg, * Mineralchemie/ 2te Aufiage, p. 595. 

t Naumann ; Zirkcl, ‘ Element's der Mineralogie/ 12t© Aufiage, p. 577. 

1 *Ueb6r den Bau and die Entatehnng der japaniachen fnaeln/ Berlin 
i885,p. 10. 

. aj.G.s. No.rn. 
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notes that there are two interesting rocks in the crystallino-schist 
sjBtem of Japan, one of which is “ ein echter dutch charakteristische 
rothe Farbung kenntlicher TurmalinsMefer^ der unter dem Mikro- 
ftkop schdngefarbte siarke dichroitische langgestreckte Krystalle 
Keigt.” The original specimens from which E. Naumann penned the 
abore-quoied statement were kindly placed at my disposal by the 
Geological Survey of Japan. On examining the various slides the 
writer was firmly convinced that here we have to do with tine pied-- 
montite, and not a tourmaline ; and the analysis given above confirms 
the writer s view. 

(c) Gmfraphical Dhtrihution of Piedraovitite . — The mineral picd- 
monfiie is not of common occurrence. In treatises on mineralogy^ 
we find only two typical localities up to the present : the one is 
Bt<. Marcel, near Aosta, in Piedmont, Italy, where it occurs, as a rare 
mineral, t,og(dher with oth(‘r mangauc^se on^s ; th(‘ oth(‘r is Jacohs- 
berg, in Wermland, Sweden, wht^re it is found localized within a 
limestone. In both cases, as it seems to nu;, piedmontit() occurs as 
a rare mineral, and it. is by no means abundant enough to form an 
independent, rock. 

Its (ixt(‘risive occurrence in Japan is somewhat, remarkahh?, and is 
probably uneepialh'd in other parts of the world ; tlu^ mangaucpidoic 
and quartz constitute the pi (^draontite- schists, and it is also an acces- 
sory compoTumt in glnucophane-schist G ecologically spe^aking, its 

occurrence is cemfiiu'd t o tlie same horizon as the glaucophano, i, c. 
the lowe^r part of the^ edilorit ('-schist sendes of the*, Arclut'an complex. 
This unique ])iediTiont it e*-bearing rock is of une'xpi ctedly wide dis- 
tribution, and constitutes, inde^e'd, an essential mtunher inthc Archman 
system of JapaiL Tli(‘ subjoined are* some* out of many of the 
typical Japane'se' localities of mangunepielote : — 

Sil'oJai Island. 

1. (3t;akisan, nenir the city of Tokusima, Awa province. 

2. Pessi (k)p})er-mine, in Uma Gori, Sainiki province'. 

II. Chihara Copper-mine in Biiifu district, Kitanada in Eami- 
IJkima district , Uchiiioko and Kaya in Kit a district, lyo province. 

Main Island. 

4. Minano, Simo-Tuno and Yori, Chichibu district; Ogawa, in 
Hiki district, Musa si province. 

5. Umenokidaira and Sambagawa, Kanra district, Kozuke pro- 
Tince. 

0. Misaka, in Iwamae district, Iwaki province, &c. 

(d) A pemliar Epuhtc. — There is still another variety which 
may be conveniently described on the present occasion. In speaking 
of the ghmcophanc-schist in his other paper t, the writer has already 
given a brief notice of the presence of a remarkable piedmontite. 

* Journal of Science College, Imperial University, Tokyo, vol. i. part 1* 
B. Kot6, ‘ A Note on Glaiioophane/ pp. 85 et seq^ 

t Loc. Ht. p. 85. 
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In this schist we find a peculiar epidotc in the form of long irregular 
plates ( J-1 centim.), having a slight yellowish-green colour, and being 
irregularly traversed by transverse cracks and longitudinal strife,. 
The morphological habitus dififera from that of an ordinary epidoto 
in its more flattened tabular condilion. It possesses sometimes a 
faint rosy tint, its pleoohroism is weak, but distinct, being more in- 
tense when the short diagonal of t he lower nicol is at right angles 
to the longer sid(;s of the epidote. In other instances the red pig- 
ment is localized in the centre (flg. 4). so as to form a distinct zone ; 


Fig. 4. 



but the reversed case, ?. e, a r(*d margin with tlio yellow centre, has, 
within tln^ writer’s knowledge, never yet betni c)bs<‘rved. 

The rosy pigmiMit w^hich cliaracteriz(‘s this (•])idoto is certainly 
due to the presences of a manganese oxides and t he mineral forms an 
intermediate link between common ejndote and pif^dmoritit{‘. One 
point in connexion with this epjdot(*. should not pass unnoticed, 
namely the abundant enclosures of aggregates of opaque iron-glance, 
and blood-red hexagonal scales of the* same mincTal, since the typical 
piedmontite is entirely free from cnclosur(^s of such a kind. This 
indicates the fact that the latteT (i)iedinonlitt^) has crystalli’/,(ul out 
before the yellow ish-green epidote. 

(e) Garnet . — In the glaucophane-schlst from Otakisan, in the 
Island of Sikoku, wc find a large number of rhombic dodecahedra 
(size of a pea) of a greenish-yellow garnet. A slide cut from one 
of these garnets show^s, under the microscope, that it is made up of 
different minerals as indicattjd in figure /i. This crystal ivS, indeed, a 
small minefal cabinet of all the constituents of the rock in which it 
occurs, except glaucophane. The violet piedmontite needles, clumps 
of dark iron-glancc, hexagonal scales of iron-glance,* the knee-shaped 
twins of rutile-needles which contain in their substance also a large 
number of already twinned crystals upon Poo , and, lastly, highly 

2k 2 
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vitreous grains of quartz, are all thrown together within the garnet 
crystal, these enclosures assuming a more or less curved course. 

' The colour of the garnet itself is deep yellow, and the crystals 
show anomalous optical properties, being anisotropic. This is 


Fig. 5. 



caused probably by the strain from the interposition of other minerals 
contained in it. Prof. Bonney* has also found garnet in cer- 
tain glauoophane-bearing rooks near Berrioz, Val d’Aoste, in the 
Alps, Here the garnet sometimes contains glaucophane and dark 
dust {?), which he suggests may be possibly due in certain cases to 
subsequent infiltrations. The garnet here described is entirely free 
.from enclosures of glaucophane, although the rock itself is a glauco- 
phane-schist ; and the above-mentioned interpositions, i, e. pied- 
montite, &c., seem to have been developed prior to, or contem- 
poraneously with, the formation of the garnet. 

Discussion. 

The Pkesident remarked that, in the slides, where the glauco- 
phane was best developed, there the piedmontite was most rare, and 
that where the piedmontite was abundant but little glaucophane 
was to be seen. Ho alluded to the striking pleochroism of the 
piedmontite, and to the interesting fact of its having been now 
recognized for the first time as a rock-constituent. 

Mr. Mieks, whilst claiming but little special knowledge of the 
minerals described, expressed his satisfaction with the paper. 

Mr. Huuleston said that the President’s remark precisely con- 
firmed Mr. Koto’s statement to the effect that the piedmontite exists 
only as an accessory mineral in the glaucophane-rock, whilst it is 
one of the principal constituents in the piedmontite-schist, which 
contains hardly any glaucophane. 

# 

* “ On a Olauoophane-eclogite from the Val d’Aoste,” Min. Mag. vol. vii, 
no. 32, p. 2 (1886). 
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35. On the Kooks of the Malvern Hills. By Frank Ktttley, 
Esq., F.G.S., Lecturer on Mineralogy in the Koyal School of 
Mines. (Read December 1, 1886, and April 6, 1887.) 

[Plates XIX.-XXI.] 

Part I. 

The rocks of the Malvern Hills have already been the subject of 
much discussion, and some of our most eminent geologists have 
devoted a largo amount of time and trouble to the unravelling of 
their history. 

One of the most important pa])er8, however, upon this subject 
was written by Dr. Harvey B. Holl over twenty years ago ; and 
with this paper and a few maps I have spent several weeks in 
examining the range. 

The general result of this examination may be of interest, inas- 
much as it enables me to confirm to a groat extent the statements 
made by Dr. Holl, whose careful observations and sound inferences 
cannot fail to impress those who endeavour to follow up his work. 

One of the main points which Dr. Holl wished to demonstrate 
was, “ that the rooks which had hitherto been treated of as syenite, 
and supposed to form the axis of the hills, were in reality of meta- 
morphic origin, and belonged to the Pre-Cambrian, Azoic, or Lau- 
rentian Age.” I think that, at the present day, many geologists 
will be found who are ready to accept this conclusion, in spite of 
the protest of the late Sir Roderick Murchison f* * * § 

Dr. Holl, in his paper, discusses first the structure and origin of 
the crystalline rocks of the Malvern HiUs, he next treats of the 
adjacent Palaeozoic strata, and finally endeavours to show the chrono- 
logical relationship of the several events in their geological history. 

Without attempting to follow out such an extensive programme, 
I have restricted my work to the old ridge of gneissic syenite, 
granite, &c. whicli constitutes the central or axial, and, indeed, the 
main portion of the range ; and although I have failed to see many 
things, I have nevertheless verified much that Dr. Holl, the late 
Professor Phillips J, the Rev. W. S. Symonds §, and other observers 
have recorded. 

At the outset, Dr, Holl describes the small hill known as Keys 
End or Chase End as consisting, at its southern extremity, of 
thinly bedded gneissic rocks dipping east, the gneiss being some- 
times micaceous, at others homblendic. This hill is the extreme 

* “ On the GJeological Structure of the Malvern Hills and Adjacent Districts,” 
Quart Joum. Oeol. Soc. vol. xxi. pp. 72-102. 

t * Siluria/ 4th edition, 1867, p. 14. 

1 * Memoirs of the Geological Survey,’ vol. ii. part 1. 

§ * Old Stones, a series of Geological Notes on the Bocks in the Neighbour- 
of Malvern,’ new edition, 1884. 
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sontliem member of the Malvern range, and after a more detailed 
description of it Dr. Holl carries the reader gradually northward. 

Without following his description further at present, I will at 
once venture lio expound the view to which iny own examination of 
the range, coupled with a careful perusal of Dr. Iloll' s paper, has led 
mo — a view which begins at the other end of the chain, and which, 
if true, may result in a h(;ttcr understanding of its structure. 

In the first place, the beds of cr 5 ’'stallino rocks, mostly of a gneissic 
character, whicli fbrm the axis of the Malvern range liave, I believe, 
been disj)Oscd in a synclinal flcxuie, which stretched from the north 
of the range as far as tlie middle of tlie ridge wJiich forms Swin- 
3 ^ard’s liill, whore tliere is, 1 think, evidence to show that they 
oxjiericnco a sharp anticlinal flexure and are then faulted down- 
wards, to reaj)pear no more in this country. The synclinal fold just 
mentioned, which is over five miles and a lialf in length, is probably 
more or less irregular through subordinate crumpling of the beds, 
and, in common with the rest of the rjiiigo, is traversed obliquely by 
a number of a]>proxirnately N.W. and H.E. or N.E. and S.W. faults, 
as already indicated by Dr. Holl. 

Inferences regarding tbo ui>thr()w or downthrow of the masses 
lying'between these faults may, i)erba]>s, l)e most safely arrived at 
from till? corres])ondiug displaceiiieuts of the Silurian strata which 
occur on the western think of the range, and although from a little 
north of Malvern Wcdls to tlie extreme north of the chain there 
appear to he successive downthrows to the north, yet south of 
Malvern Wells the tln-ows vary. 

From lithological ovidimce gcaieiully, it seems that the rocks 
forming the iiorth(TJ) portion of >Swinyard's Hill ore a nqietition of 
those which constitute the Woi cesttashire Deacon, and the assumed 
relationship of the ht^da is indicated in the diagrammatic section 
appended to this pajier (facing ]». 48S) *■. 

We may infer that, probably, but not necessarily, the oldest and 
once most deeply-seated beds of gneiss would be those which would 
have und(?rgoue the greatest alteration, that traces of bedding in 
them would he rare or very obscure and irregular, and that in 
crystalline structure they would approximate mure closely to plutonic 
rocks than the higher beds of the staies. In other Avoids, we should 
expect to find the older beds occurring in the condition of coarsely 
crystalline gneiss, or ca^cu ol’ crNstalline rocks devoid of foliation, 
and the younger of finer texture and api>roximat.ing to schists. 

In the Malvern range wo liiid the most coarsely crystalline rocks 
in the northern, and the fine-grained rocks and schists mostly in the 
southern hills. Hence it may, I think, he inferred that the rocks 

* On referring to rhillips’a Memoir, the followiiig Btatement coneerning what 
he termed “ mottled eveiiiU) ” will found : — “ Aa ulread}’^ observed, it is in the 
northern parts of the Malvern range, imd e8])eeially north of the Worcestershire 
Beacon, that this beautiful rock appears most abundantly. It is, however, not 
entirely absent from any of the hills, at least in small masses. On the crest of 
Swinyard’s Hill it may be found amidst the great variety of compounds which 
that narrow and interesting ridge presents.” (Mem. Geol. Surv. voL ii. pt, 1, 
P* 41.) 
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<jon8tituting the northern parts of the chain are older than those 
which occur in the southern end. The rocks of the North Hill and 
the Worcestershire Beacon are, as a rule, coarsely crystalline, and^ 
I believe, older than those of the llaggedstonc and its vicinity, 
which are for the most part of a schistose character. Owing to 
frequent faulting and subsequent denudation, the regular chrono- 
logical sequence along the range is more or loss disturbed, and in 
this manner we meet with vor^' coarsely crystalline rocks in the 
northern part of Swinyard’s Hill, only two or three miles from the 
southern extroinity of the chain, which appear closel}' to rosonible 
some of the very old rocks in the nortliorn ]>arts of the range. 

The Hanking bods of I’aheozoic strata, which abut against the 
western side of the chftin throughout its entiro length, occur only 
on the eastern sides of the southern hills : and it does not seem un- 
reasonable to su])poso that their partial preservation on this side is 
due to the downthrow towards the south of the southern portions of 
the old ridge, although it must be admitted that there are some 
objections to this view. 

Most of the faults which cross the axis, generally in N.W. and 
8.E., and N.E. and S.W. directions, have been iiidiciitod by J)r. HolJ, 
who has traced t-honi by means of breceias, or inferred their ex- 
istence from marked discrepancies in the strike of the bedvS. An 
examination of the ground shows how carefully he has done this ; but 
I have ventured here and there to extend soino of these linos of fault 
from th(^ Silurian area across the gueissic rocks, on the strongtli of 
somewhat meagre evidence not recorded in his paper. 

As already mentioned, one of the most striking lithological 
features of this range consists in the generally coarsely crystailino 
character of the r<jcks forming the North Hill, the Sugarloaf, the 
Worcestershire Beacon, the Herefordshire Beacon, and the northern 
part of Swinyard’s liill. Those constitute two well-marked masses 
when rcgard(‘d lithological]}^ — the first extending from the northern 
end of the chain to tln^ Wych, wliilo the second reacluis from the 
northern foot/ of the Herefordshire Beacon to tdio fault which crosses 
Swinyard's Hill. 

These two masses consist, for the most part, of coarsely crystal- 
line gueissic rocks, sometimes hornhlendic, at others micaceous; 
while non- foliated rocks of similar mineral constitution also occur, 
which may be regarded as syenite and granite. Beds of much finer 
texture are also met with witlan the^c areas, hut the general 
character of the two masses is a coarsely crystalline one. 

The contrast between these rocks and those which constitute the 
other portions of the range, which consist mostly of schists and thinly 
bedded gneissic rocks of finer texture, has been specially noticed 
both by the late Professor John Phillips* and by Dr. Holl, 

* “ Schistose rocks more or less approacliing the character of gneiss are more 
abundant in the Malvern Hills than might be expected. They occur prin- 
cipally in the West Raggedstone Hill, about its summit ; in the northern parts 
of the Midsummer Hill, and in the hills south of the Wych ; but there are 
yarioiis other more limited exhibitions of such compounds.*' (Mem. Geol. Surr. 
yol. ii. pt. 1, p. 43.) 



4S4 


MR. P. RFTLEY ON THE ROCKS 


The first, or Dorthern, coarsely crystalline mass is cut off on tho 
south by a fault near tho Wych Pass; while the other coarsely 
crystalline mass is hounded by a fault on the north of tho Here- 
fordshire Beacon, and by another which cuts across Swinyard’s Hill,- 
near the highest part of the ridge. It is to these three faults that 
I would specially direct attention, as they appear, from adjacent 
lithological evidence, to be the principal dislocations of the chaih. 

We will deal first with the northern mass. Dr. IIoll states* 
that there is, nearly opposite the ravine (the Dingle) which 
separates the Worcestershire Beacon from Summer Hill, a fault 
which “ has carried the Woolhopo Limestone, on its southern side, 
30 yards further to the west.'^ 

Meeting with breccia on the eastern slope of the range in the 
vicinity of St. Ann’s Well, it occurred to me that it might indicate a 
fault and that the line of fault just alluded to, and which is shown on 
the map accompanying Dr. HoU s pa^jer, would, if produced, touch 
tho spot at which this breccia occurs. Drawing such a lino across the 
Ordnance six-inch scale map, I endeavoured to trace the breccia, and 
found a small exposure of it just where the line crossed the ridge of 
the hill, above and a little to tho south of the head of the Dingle^ 
Beveral hours of search for further evidence resulted in tho discovery 
of breccia at various points, near the Hne, but sufficiently far from' 
it to show that, if the breccia indicated a fault, it was either very 
sinuous or, more probably, was itself faulted by transverse dislooa- 
iions. I think, however, it may be assumed that a fault does 
actuaUy cross tho range at this point ; for, apart from the occurrence 
of breccia, the strike of the rocks composing tho Worcestershire 
Beacon does not agree with tho general strike of those on the other 
side of a line drawn along the Dingle and over the ridge to St. 
Ann’s Well. 

Roughly classifying the chief rocks of the Malvern axis, wo may 
separate them into three groups, viz. ; — 

Upper group = Schists and fine-grained gneiss. 

Middle group ssFine- and medium-grained gneiss. 

Lower group = Medium- and coarse-grained gneiss, with 
diorite and granite. 

Between these groups there exist no definite lines of demarca- 
tion, all three groups being composed of alternating beds of variable 
texture. 

The Upper group is, however, specially characterized by the 
prevalence of schists, while the Lower group consists mainly of beds 
of very coarsely crystalline gneiss alternating with granite, syenite,, 
and diorite. 

The range from tho extreme north to the ‘Wych consists mainly 
of the Lower, with perhaps the base of the Middle group. 

From the Wych to the Herefordshire Beacon the rocks belong 
obiefij to the Middle group. But it seems probable that some of 

* Op. cii, p. 95. 
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the highest beds a little south of Malvern Wells should be referred 
to the base of the Upper group. 

The Herefordshire Beacon is probably composed chiefly of tlie top 
of the Lower and bottom of the Middle groups, but exposures of 
rock are not very numerous ; while the northern part of Swinyard’s 
Hill belongs, I believe, to the Lower group. South of the fault 
which crosses Hwiiij^ard’s Hill down to the south end of the range 
the rocks belong to the Upper group, except perhaps the southern 
portion of Midsummer Hill, which may represent the top of the 
Middle Group. 

In 8upj)ort of such evidence as appears to me to denote repetition 
of the gncissic beds, I cannot do better than quote the sequence of 
rocks recorded by Dr. lloll in various parts of his paper, since, 
although he disclaims any belief in the rej)etition of these beds, his 
observations are in most instances of a much more detailed character 
than my own. Thus on pp. 76 and 77 of his paper he gives a list 
of the bods traversed in passing from the southern to the northern 
end of Swinyard’s Hill, stating the approximate thicknesses aa 


shown along the crest of the hiU. 

Beginning at the south end ho records : — 

ft. 

Mioaoeous schist and fine-grained gneissio 
rocks, with a few subordinate bands of horn- 
blende-schist 665 

Fine-grained red granulito 95 

Fine-grained gneissio rocks and niica-sohist, 
with a few narrow bands of hornblonde- 

schist 565 ^ 

Hornblende-schist 15 ft. 

Mica-schist 15 680 

Unseen 85 


Here we have, assuming his granulite to form the axis of a fold,. 
665 feet of rock on one side, corresx^onding more or less precisely 
in lithological characters with 505 feet of rock on the other side, 
with a margin of 85 feet of unseen rock to supply a deficiency of 
70 feet. 

These beds belong to what I have here termed the Ui)per Group. 
They are succeeded on the north, according to Dr. Doll, by trap- 
rock, micaceous and hornhlendic schists, and fine-grained gnoissic 
rocks with subordinate hands of hornblende-schist. Then follows- 
what I conceive to be another, but a minor, fold, viz. : — 


ft. 

Diorite, rich in hornblende, with eraall quartzo- 

felspathic veins 22 

Schist 3 

Diorite, rich in hornblende, with many quartzo- 
felspatliic veins 25 


Here, then, judging by the approximate thicknesses, we have in 
all probahilit;^^ a repetition by flexure. 

If the coarsely crystalline rocks forming the northern part of 
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Bwlnyard’s Hill be a re-emergence of the beds forming the Wor- 
cestershire Beacon, it then becomes interesting to compare the 
immediately superincumbent rocks in the Herefordshire Beacon and 
those in the tract lying between the Wych and the Worcestershire 
Beacon ; and wo may, lor this x>orpose take Dr. Holl’s statements 
as a close aijproximation to the truth. 

In the Herofordsliire Bejicon ho records the presence of gneissic 
rocks, both hornblcndic and micaceous, mica-schists, liornbleiidic 
rock, and large granite veins. 

From the \Vych to halfway up the southern slope of the 
Worcestershire Beacon ho also notes the occurrence of mica-schists, 
hornblende-schists, gneissic rocks, diorites, granitoid rocks, and 
granite veins. In this series, out of a roughly paced distance of 
077 yards, about 4()0 yards consists of rocks described as schistose 
and gneissic, and it therefore scorns quite possible that tlmy are 
the northern rej)resentativc3 of the rocks forming the Herefordshire 
Beacon, which, as already mentioned, may x)rohal)ly be referred to 
the uxii)er part of the liower and tlie lower ])()rtion of the Middle 
groups. In these questions of correlation I spt^ak with great diffi- 
dence and must disclaim any wish to dogmatize. I would rather 
jsu(f(/est, leaving future observers to draw their own conclusions. 
The probability of the rej^etition of beds hero indicated bas gradually 
forced itself upon me, both from field-work and in the endeavour to 
< 5 onsfcruot an intelligible section * through the range ; and, on 
reference to the latter, it will be seen that the elevations and sub- 
sidences of the larger rock-masscs have, I think, often occurred 
aomewhat unevenly, while, in addition to this, I believe that some 
of them have sunk more or less to the east or west during the 
movements which have shattered and faulted the ancient ridge. 

Throughout this paper I have spoken of the bands of gneiss, 
Bohist, and other rocks which constitute the chief mass of the 
Malvern Hills, as hed.^. This has been done partly for the sake of 
convenience and partly because the foliation of those rocks seems, as 
a rule, to be f)arallol to the divisional jdanes which appear, on the 
ground, to represent stratification. Aware of the difficulties which 
environ questions connected with foliation, I would, indeed, prefer 
to employ the expression divisional ^planes in lieu of stratification, 
bedding, or any more precise term. Darwin, whose observations on 
this subject are, in the main, opposed to the assumjition that direc- 
tions of foliation agree with those of bedding, has remarked that 
the strike of the foliation in most countries lies parallel to axes of 
elevation t ; if the ridge of the Malvern hills be an axis of 
elevation, the general law which ho here enunciates is apparently 
violated throughout a considerable part of the range. 

That such repeated change in the strike of the divisional planes 

* The views of the late Professor Phillips, although given in considerable 
detail in the Memoirs of the Geological Survey, are simply expressed on the 
published sections by a wash of vermilion. 

t ‘Geological Observations on South America,* 1846, p. <166. See also 
Berope*# * Volcanos,* 2nd ed. 1862, p. 299. 
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may have been brought about by the faulting of rocks in which 
there may have been once a persistently uniform strike, is, however, 
a possibihty not unworthy of consideration*. On the other hand, 
the arguments in favour of the divisional planes being old planes of 
bedding api)ear to rest on the parallelism of the foliation to the 
divisional i)lanes, on the seeming interstratification of rocks which 
exhibit no foliation, on the marked differences in texture shown by 
adjacent bands or beds, and also on the differences which occur in 
their respective mineral constitution. If we assume these rocks to 
be metamorphosed sediments, it follows that they were originally 
bedded, but it docs not necessarily iollow that they were all sub- 
sequently affected by cleavage ; and wo do not therefore seem 
justified in the inference that the foliation in this case is ])arallel to 
structural planes which a/a?/ have existed, to the exclusion of the 
possibility that it may be parallel to others which, if the rocks bo 
metamorphosed sediments, we feel assured did exist t. 

The reference of cases of more or loss advanced raetamorphism, 
and the accompanying phcuoinenoii of foliation, to the shearing or 
creeping movement.of one rock-mass over another, may induce many 
to search in the Malvern range for evidences of disturbance other 
than those already mapjjcd as faults. Pending the result of such 
inquiries, it seems better to leave one’s mind in a receptive state 
than to crowd it with ojunions of questionable value. 

In the meanwhile strikes and dips indicate the directions and 
inclinations of structural planes ; but whether those planes denote an 
original stratification is an open question and one upon which it 
eeoms unsafe to express any decided opinion. 

The upheavals and plications which the older rocks have undergone 
render it more than likely that in many instances the steeply 
inclined planes of foliation do actually agree with steeply and 
similarly inclined planes of original stratification in rocks in which 
cleavage has not been induced, at least to some extent and along 
parjillcl portions of folds. On the other hand, the facts recorded by 
good and competent observers show that in a great number of cases 
unanswerable proof exists that often, over wide areas, the xdanes of 
foliation agree with planes of cleavage, and do not in any way 
<5orrespond with planes of original stratification. 

Interbedded lavas and other eruptive rocks are also frequently 
present in most of the older formations, and it is therefore needful 
to remember this in accounting for some of the more strongly 
marked lithological differences in contiguous bands. 

* The foliation was developed in the range before the faults were formed, 
since the faults cause marked changes in the direction of foliation. In de* 
scribing the old ridge of the Malvern Hills as an axis of elevation, we are 
probably expressing merely a partial truth, since the ridge is, most likely, only 
an upcast pprtion of an axis of elevation, disrupted by north and soutn 
fissures. 

t The late David Forbes considered that the direction of foliation agreed in 
all cases with the planes of least resistance, whether planes of stratification or 
cleavage, or, in eruptive rocks, with “ stri© of fusion.” (“ The Structure of Book 
Hasses,” Popular ^ence Beview, voL x. p. 236.) 



488 MB. F. KUTLET OK THE BbCKS 

Again, we must remember that cleavage- and other superinduced 
structural planes do not bound any marked differences in texture or, 
more especially, in mineral constitution, unless they agree with 
planes of stratification ; and this appears to be a matter worth some 
consideration, for, if foliation invariably agree with planes which 
are not planes of stratification or lamination, we have to account 
for the very marked differences in texture and often in mineral 
constitution whi(3h are frequently met with in motamorphic rocks, 
and which certainly simulate, even if they do not actually representy 
bedding. In a district such as the Malvorns it is most easy to bo 
led astray by u])pearances, and amid the many tempting possibilities 
which i)rescnt themselves a wrong one may he chosen. It may bo 
that I have done so in treating these gneissic and schistose bands 
as stratified beds of rock ; but, if so, the error begins and ends with 
the treatment; for although 1 am inclined to believe that the 
divisional planes, with which the foliation appears to bo parallel, 
may ho planes of original stratification, and, although I have based 
the accompanying section upon such a possibility, I regard tlieso 
planes for the present merely as structural ^danes of some sort^ 
between which tlie rocks exliibit divers lithological characters 


Note to accontpany the Plans ami Section, 

For the sake of clearness two jdans are given in juxtqjosiiion, on 
one of which, fig. 2, only the faults are shown. Those given on 
Dr. II oil's mu[> are represented b}' continuous thick linos, while my 
own extensions of Ihoiii are indicated by dotted lines. The outcrox^s 
of the Upi)cr Llandovery beds and the Woolliope limestone on the 
western fiank of tlie range serve to show the direction of the dis- 
placements x)roduced by some of tliese faults. 

On the other idan, tig. 1, strikt's and dix)S as well as faults are 
represented, those strikes recorded by Dr. lloll being shown by 
continuous strokes, while those which I have addend from observa- 
tions made on the ground are denoted by dotted lines. The 
accompanying section (fig. ii) must be regarded as more or less dia- 
grammatic, its purpose being lo illustruto the views put forward in 
this pajier concerning the (jeneral structure of the range. 

To render the section less confused, the trap-dykes and the 
numerous granite or xKJgmutite veins which have been described 
are omitted, since altliough there is abundant evidence that some of 
them are intrusive, it seems by no means certain that many of 
those which follow the general strike of the beds do not actually 
belong to the gneissic series in which they occur. 

* During the completion of the first part of this paper, in which the work 
of Dr. Harvey B. Holl is bo frequently cited, came the sad intelligence that 
that skilled geologist had been taken from our ranks. 

He leayoB to us in his writings a lasting memorial of conscientious research. 
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The greatest vertical displacement indicated in the section is 
•connected with the fault which crosses Swinyard’s Hill, and, as 
4rawn, it would appear to be about 3000 feet ; but it is very 
probable that this amount of throw may be divided between this 
and two other possible faults, one of which may occur in Phillips’s 
“ Silurian pass ” on the north of Swinyard’s Hill, wdiilo the other 
may be situated in “ The Gullet ” between Swinyard’s Hill and 
Midsummer Hill. This view derives some support from a statement 
made by Dr. Holl to the effect that “ the several passes which 
divide the chain of the hills at intervals arc probably, some of them 
at least, determined by lines of fault, as the direction of the strike 
of the rocks on opposite sides of thc'se passes is, in some cases, 
abruptly altered ” 

No sharp demarcations occur between the Upper, Middle, and 
Lower Arclijean groups which I have her<^ ventured to propose. 
The very existence of an}' one of these groups depends upon tho 
predominance or paucity of schistose beds, upon characters dependent 
upon coarseness of crystalline structunj, thickness of bedding, and, 
in fact, upon the (jeneml nature of the rocks which constitute each 
group. 


Part II. 

Oh the lioclcfi of the MaJvcni IJilh, 

In the first part of this ]>a])(‘r tho general structure of the 
Malvern Range was considered ; but, at the time it was written, I 
had not microscopically examined the rocks which wore collected 
during my stay rn that district. 

The details of this microscopic examination mainly constitute 
the second i>art of this papcT : and 1 may h(TO state lliat tlie micro- 
scopic evidence docs not ap])ear to me to disagree in any important 
respect with the views advanced in the earlier communication, except 
that truly eruptive rocks arc more plcMit iful in the; range than I had 
at first imagined. The following details relate to specimens which 
were selected as tyxjical : — 

No. 1. North Hill, Largest quarry on North face of hill , — Coarsely 
ciy’stalline rock, consisting of pinkish -brown or flesh-coloured 
felspar, black hornblende, small scales of dark mica, and some 
quartz. This rock shows very coarse and strongly marked folia- 
tion, the hornblende and mica forming irregular and somewhat 
lenticular streaks, which arc often an inch or more in breadth 
and are rudely parallel ; but the bands do not appear to be con- 
tinuous, as a rule, for any great distance, and a band frequently 
thins out altogether. This is the coarsest example of foliation I 
have met with in the Malvern range. Under tho microscope somo 
of the larger felspar-crystals are seen to bo microcline, the twin- 
lamellsB crossing approximately at right angles and undergoing 
maximum extinction when rotated 15°. Orthoclase twinned on the 


♦ Op, cii, p. 95. 
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Carlsbad type is also present, and, judging from the angles of 
extinction, there is more or less andesine. Apatite crystals are 
numerous, and magnetite is also plentiful, occasionally in octahedra, 
but mostly in irregularly 8haj>ed patches. Quartz is plentiful, and 
it contains great numbers of fluid lacunae which frequently lie in 
more or less well-defined bands, an arrangement which is probably 
due to pressure, as pointed out by Prof. Judd in the quartz-grains 
of certain crushed quartzite-pebbles ; but in this rock the stresses 
have been exerted in ho many diflerent directions, owing to the 
coarsely crystalline and mixed mineral constitution of the rock, that 
the bands of lacunaD seldom exhibit any apx)roximate parallelism, 
except in one and the same crystal. The bubbles contained in the 
liquid of many of these lacunie exhibit spontaneous movement. A 
bubble in one of the largest lacuna) shows this spontaneous motion 
very perfectly, and the drawing (PL XXI. fig. 8) roughly indicates 
the course which it followed while watched for about a minute. 
Occasionally well-formed tabular crj'stals of si^ecular iron occur in 
the quartz. The apatite crystals lie within crystals of hornblende 
and quartz and also within patches of magnetite, and evidently 
represent the first-formed constituents of the rock. 

PL XTX. fig. 1 shows the coarsely crystalline character of this rock. 
On the right, a portion of a large crystal of hornblende is represented, 
"With a few included crystals of apatite ; the remainder of the figure 
shows portions of felspar-crystals and some interstitial quartz. The 
rook is a foliated quartz-syenite or hornblendic granite. The paucity 
of mica, however, hardly entitles it to tho latter name. Gneissic 
quartz-syenito is, perhaps, (iu) most appropriate term to apply to it. 

No. 2, North HiU, Lary H q'narnj. North face of the hill , — A 
rather finely crystalline dark g nenish-grey rock, with pale greenish- 
grey streaks varying from a mil.Jmetre to a. ceniimetre in breadth. 
This banding' is sometimes very even and parallel, tho rock splitting 
more or less readily along the pale greenish bands. In places the 
hands are less regular and have a tendency to branch. 

Under the microscope the pale greenish streaks arc seen to con- 
sist in great part of epidote, which has probably resulted from the 
alteration of hornblende. Some green magnesian mica is also 
present. The section contains one crystal in which the change of 
the hornblende has only been partially effected, portions stiH showing 
the characteristic cleavage and strong pleochroism. 

Much of the felspar appears, from the extinction-angles, to be 
labradorite. Quartz is present in irregular patches, and contains 
numerous fluid lacunas, generally ranged in lines, which, however, , 
do not correspond in direction in the different crystals. The section 
also shows some good crystals of aj)atite. There are some portions 
of the preparation, consisting possibly of cordierite, which have been, 
altered into a mass of minute fibrous crystals, irregularly felted, and 
showing, although colourless, strong absorption of light. Their 
extinctioji indicates that they are rhombic, and it is probable that 
they axe sillimanite or nalrolite. Magnetite is present, but only 
in small quantity. 
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An especially noteworthy point is the great difference in texture 
between this rock and the rocjis with which it is associated. The 
latter are very coarsely crystalline and extremely rich in horn- 
blende. This rock, on the contrary, is of much finer texture, and 
one of its chief constituents is epidote, a mineral of secondary origin. 
Tlie fibrous alteration-product alread}' mentioned (sillimanite or 
natrolite) chiefly characterizes those particular bands in the section 
which give the foliated appearance to the specimen. 

There is no elongation of the (luartz- and other constituent crys- 
tals to indicate that the banding of the rock is due to stresses and 
earth-movements, wliich in some cases are known to induce foliation 
and schistose structure in eru])tive rocks, and it seems by no means 
improbable that this rock, in its earlier condition, possessed such 
banded structure as now exists in it (Tl. XIX. fig. 2), and that this 
handing resulted from the accumulation of hornblende &c. in certain 
planes These, 1 believe, were jdanes of stratification ; and I am 
disposed to regard the rock provisionally as a highly altered sedi- 
mentary deposit or an altered and bedded volcanic tuff. Indeed, 
it seems very probable that in the earlier periods of the earth’s 
history, when sedimentary rocks must necessarily have formed a 
far smaller proportion of the earth's crust than they do now, the 
products of denudation were chiefly derived from rocks of an erup- 
tive type, and deposits formed of such materials would approximate 
more or less closely in mineral constitution to beds composed of 
truly volcanic ejcctaraenta. The sedimentary rocks of later date 
consist^ in great part, of partially decomposed and triturated mate- 
rials derived from tlie repeated partial decomposition and trituration 
of rock, and there is, consequently, less probability now of the 
sedimentary deposits resembling volcanic tuffs than there was in 
Archaean times. 

The minute structure of the rock is not gneissic or schistose, and 
its fissile character is dependent upon the layers of epidote, which 
give it its banded appearance. 

Xo. 3. North I Jill. Easternmost qnarrij on North side . — This is a 
coarsely crystalline rock apparently consisiing of black hornblende 
and flesh-coloured felspar, and in which traces of foliation are only 
perceptible in large specimens. 

Under the microscope the rock is seen to consist of hornblende, 
triclinic felspars, magnetite, and apatite. The felspars arc mostly, 
if not exclusively, triclinic, and are, as a rule, more or less altered 
by the development either of fclsitic microcrystalline matter, or by 
minute scales, with here and there elongated negative cr^^stals 
sometimes filled with decomposition-proflucts. In one of these 
cavities a bubble is perce])tiblo. All these results of alteration 
follow, as a rule, the direction of twin-lamelloD, although at times 

* In accordance with what is stated in the concluding pages of this paper, I 
• may add that it is possible that such a rock might result f^roin the crushing and 
chemical alteration of a diorite ; and the proximity of diorite would lend 
support to this riew. The microscopic evidence docs not, however, appear to 
favour such an hypothesis . — Jum 28, 1887. 
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maia:l: opaque rods, probably the edges of tibm tabular crystcds of 
tsduute dimenisdons* 

7hese alterations are evidently similar to those described by 
Prof. Judd under the term ^^Schillerization^’* ; and it would 
have been superfluous to figure them, since Ifce examples are admi- 
rably delineated in pi. x., vol. xli. of this fournal. By reflected 
light some of these alteration-bands appear ^ a pale greyish-white 
eolour ; they are more opaque than the unaltcmad parts of the felspar, 
and it seems highly probable that the minute, Impales, which in great 
measure made up these bands, are kaolin. 

In one or two cases the felspar erj stals appear to undergo parallel 
extinction ; and bearing in mind the low extiuotion-angles of some 
of the triclinic felspars, notably in basal sections of oligoclase and 
andesino, 1 have felt some doubt in referring sucdi crystals to ortho- 
olase or to a micro-perthitic growth of that mineral with another 
fidapar. There appears to bo no perceptible change of tint when a 
TCloin’s plate is employed, and it seems possible thftf! the very regular 
parallel bauds of decompositiou-iiroducts may, in this ease, bo fol- 
lowing a direction of cleavage in a luonoclinic crystal. Duo pre- 
caution was of course taken to insure the accurate cJtossing of the 
iiicols. I am, ho WON or, still doubtful whether these crystals can 
bo regarded as orthoclase. Home of the felspars, inCoed a large 
proportion of them, ap])ear, from their cxtmction-angles, to be labra- 
dorite. Twitining on both the albite and pericune *^ype8 may 
sometimes bo met with in the same crystal. Little or no quartz is 
present , and the roek may be regarded niinoralogioally at diorite, 
potrologically as a gneissie dionto or liornblendic ^eist The 
foliation of the rock is scarcely evidont in the microscojiio liection, 
except in one or two places uhero the smaller hornblende C'ystals 
sliow a tendency to form short and irreffuLii hands (]*J. XIX. Dg. 3). 
7^Jio dioritic ehiracter of the lo'ks of th(‘ Xorth Hill was duly 
recogni7<‘d more than twenty agu In Dr. Harvey B. IloUf. 

No, 4. jYorf/f ihU, tJitsft rnviost Xorth aid, — Very 

coarstdy c^y•^t'lllillo rock consisting of blackish-grceii cr} stale of horn- 
blende, ranging from a quarter of an inch iri diameter to smaUer 
dimonnions, and flosh-ved felspar. This is one of the most coarsely 
CT} stallino and profnsel\ hornblendic rocks in the whole range, v 
Under the microscope tlie larger pniportion of the rock is seen tfo 
consist- of hornblondo in large crystals, which by transmitted ligh't 
appear of a green colour. The pleoehroism is strong and ihq 
eloavages are well defined. Their boundaries are, however, irre-i 
gular, as are those of the felspar crystals. The latter have under- 
gone much alteration, so that it is difficult to ascertain their optical \ 
characl^rs. Homo of them, however, are plagioclastic and tolerably ' 

* ** On the Tertiary and Older Pertdotit^a of Scotland,” Quart. Joum. G-eol. 
Boo. rot xli. p. 376. 

t ** On the Ooologioal Structure of the Malvern Hills ” &o., Quart. Joum* 
Oeol. Soc. Tok xxi. p. 83. 
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iprliile ike majority show mdieati^ 

Borne <^tals of apatite are present, and tbera is a little qnarta 
eontaiu^g fluid-endpsures ; but tbe latter mueral forma only a very 
small proportion of tbe rook, just enough to entitle it to the name 
of quarfcas-diorite. Taking tbe coarsely crystalline structure of the 
rock into account, it should, perhaps, rather bo termed a hornblende* 
gabbro. It does not appear to be foliated, and is probably an 
intrusive rock. PL XIX. fig. 4 shows portions of the large horn- 
blende and felspar crystals as seen by ordinary transmitted light and 
magnified 55 diameters. 

Xo. 5. North Hill, near the top. South side . — A rather coarsely 
crystalline dark iron-grey rock, consisting apparently of hornblende 
and felspar crystals, the former being, as a rule, the larger. The 
specimen exerts a moderately strong attraction when brought near 
the magnetic needle. 

U ndor the micToscope it is seen to consist of hornblende, triclinic 
felspars, magnetite, and apatite. The felspar, judging from its 
extinction-angles, is in most cases lalmidorite. It is considerably 
altered, as a rule, especially on the borders of the crystals whore 
they abut against the hornblende, into a inicrocrystalline-granular 
material, probably felsitic. 

The magnetite occurs in octahedra and in irregularly-Bhaj)od 
patches, tlie apatite in well -defined crystals. 

There is no sign of foliation, either in the s])ecimen or in the 
microscopic preparation. (Quartz appears to bc^ absent ; and the 
rock may be regarded as a good example of a dioriUu 

Xo. (*>. North Hill (top). — A rather liiio-graiiied, pinkish, granitic- 
looking rock, showing sliglit foliation. 

Under the miciNjscope the section shows felspar, quartz, horn- 
blende, magnetite, apatite, and kaolin. 

The Mspars appear to bo, in part at least, triclinic, but as a rule 
they are mucb decomposed. A very little mica may be present. 
The rock is essentially a quartz-syenite or hornblendic granite 
(PI. XX. fig. 1). Tlicrc is no evidence to show that it is a meta- 
morphic rotrk. From its rather flue texture it may be regarded as 
an intrusive sheet <»r dyke of no great extent. 

Xo. 7. North mu. jnst south ofirj Xa/,/* (])em!h-mark). — A 

very fine-grained dark -grey rock, resembling the whin of tine Xorth 
of England in geiu'ral appearance. 

Under the microscoj)e the felspars show the twin-lanicllatiori 
characteristic of triclinic felspars, and the greater number of the 
sections give extinctions of betwe(m 5"^ and (>® and between 15 and 
16°. It would appear therefore that the dominant, if not the only, 
felsi»ar is labradorite. The other constituents arc hornblende, mag- 
netite, and apatite. Tlw* aj)atite occurs in well-forriied hexagonal 
prisms*, the honiblcude in crystals wdiich exhibit no regular boun- 
daries, while the magnetite, which is plentiful, occurs in octahddra 
or in irregular patclies. Some opa(j[ue white matter is also present; 

* A group of seven individuals occurring in this rock is shown in PI. XX.X. 

fig. 9. 

Q, J. G. 8. Xo. 171 2 L 



494 


MB. y. BITTLEY OK THE BOCKS 


it results from the decomposition of the felspar, and is probably 
kaolin. 

The rock is a diorite (PL XIX. jfig. 5). 

No. 8. Quarry jmt above West Malvern Chnrdi, — A greenish- 
grey gneissio-looking rock, with very minute micaceous scales. The 
rock varies in texture, pinkish felspar occurring in some of the 
bands in rather coarse crystals. 

Under the TOicr()sco])e the chief constituents ore seen to bo tri- 
clinic felspars, hiotite, opidote, apatite, a little quartz, and several 
decoraposition-prodiicts. The. hiotite a]>pears, ])y transmitted light, 
to be mostly of asea-gre(?n colour. The fel8])ars often contain great 
num])ers of crystals, fre<|uently mere microlitliH, which undergo 
parallel extinction and are probably mesotype. The rock is a mica- 
ceous gneiss. 

No. 9. Quarry y a Hi above Went Malvern (Irarclu — A foliated rock, 
consisting of flesh-coloured and narrow dark-greenish bands. The 
former apj>ear to be chi<dly felspar, 8ometiin(.‘S showijig crystals a 
quarter of an inch in length. 

Under tlie microsco])e the rock is seen to be composed of micro- 
clino in largo crystals without any regular houndaries, and showing 
the characteristic crossed twin-lamdlation very distinctly, with the 
nsual extinction-angles; cjuartz, hiotite forming thin irregular bands 
which mark thc^ foliation of tln^ rock, ji little (‘pidoto and irregularly 
shaped and s}>arsely distributed grains of magnetite or titaniferous 
iron, probably the latter, as the grains arc* sometimes surrounded 
by an o])a(]ue, ycllowisb-white substance, which may bo leneoxone. 
Til goTHiral terms the nick may be designated biotite-giieiss. The 
foliation is shown in 1*1. XIX. fig. 0. 

No. 10. Lavye (jaarry {LeiyhfoH\^) al the tvovth of the .Diuyley 
hetween the Worce,st(i\shire Jteacon atu! yorfh Jlill. — A fine-grained, 
bluish-grey, erysialline rock, resembling an bin, and showing a few 
minute s]H*cks of ]>yrites. The sjjecimen selected is an average 
Banqdo of the stone now h<nng quarried for road-metal. The rock 
strongly attracts the magnetic lucdle. 

Under the microscope it; ai)pi‘ars to consist of palc-gi'ecn horn- 
blende considerably altered (hut crystals occasionally giAo an 
extinction-angle of 10° from tin? vertical axis), hiotite, lath-shaped 
crystids of felspar much decomposed, hut some tolerably fresh, 
showing micro-pegmatitic structure, and others tAvin-lamellm in 
which the extinctions indicate lahradorite. Magnetite is plentiful, 
and there is a littb' i>yntes. The hiotite is of a green colour; and 
it is a matter of some difhcnlty to diwstinguish between it and the 
honibleqdc, as they are often intimately associated. The rock is 
apparently an alien'd inica-diorite (PL XIX. fig. 7). 

No.ll. Worcestershire Beacon, Aorfh side 7mrr the summit. — Avery 
fine-grained pole pinkish-grey crystalline rotk resembling elvan or 
granulite. Seen under a pocket-lens it appears to consist of pinkish 
felspar, quartz, and minute deep-red grains which are seemingly 
garnets. Under the microscope the constituents are seen to be those 
already enumerated. The grains composing the rock are all of them 
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irregrular in form and appear to be bound together by a cry])to- 
crystalline cementing raateritil. The felspar appears to bo orthoclnse ; 
the garnets are only to be recognized by their isotropy, while the 
quartz contains numerous fluid lacunte, some of them wuHi bubbles 
which exhibit spontaneous movement when exaniino'cl under a power 
of about 800 linear. 

The rock is a granulite and, in common with rocks of this class, 
is remarkiibl}' tough under the hammer. Portion of a tliin section 
as it appears between crossed nicols and rangiiifled 5^ linear is 
shown in PI. XTX. flg. 8. 

No. 12. ^Vorcefitershire Beacon, .\orfh aiile near sanunit, — X 
granitic -looking rock, coarsely crystalline and a])parently composed 
of (juartz, pink Iblspar, and mica- 

Under the microscope* the constituents arc seen to be inicrocline, 
quartz, biotite, and ai)atito. Here and there a little lirnrmito and 
specular iron occurs ; one or two small crystals of hornldoTulo may 
be seen, in which the angle e : c is exc('ptionally large, bdng over 
3tU. The pleochroisrn is Homewhat distinct. Tlu^ biotite, when 
examined under a bderably high power, is found to be s])ott('d with 
stains and patches of ferric <>xid(', and in some place's scales of 
specular iron are dewolojicd. In other casc'S s]»icular bodies wliich, 
w'hcn inagniflod about soo diameters, are see'ii to consist of strings 
of globiilites massed in small fasciculi a}>])ear dark and ojijupio 
except towards tlu'ir ends, wliere their component globulitic strings 
are frayed out and tlic glolndites are seen to bo trunslucont. 'fheso 
globulitic crystals, for as such they may bo regarded, probaldy 
represent an early stage in the dovelo^micnt of some such mineral 
as hornblende. Furthermore, they intersi^et at angles of in 

basal sections ot the Idotite, and evidently ]i(^ in the directions of 
the three lines wliich form the percussion -iignre of tliis mica. In 
sections normal or obliijue to the cleavage of tlio biotite they appear 
merely as dark lines wliich follow the cleavage-j)lancB. Tlicre is a 
certain resemblance in this arrangement wliich recalls the well- 
known crystals of specidar iron in the Pennsbnry mica, but the 
latter have sharjdy d(dlned boundaries. Crystals and s(‘ales of 
specular iron also occur in the biotite of this Malvern rock, asso- 
ciated and sometimes in contact with the globulitic crystallites 
just described ; but here, too, the specular iron exhibits sharply 
defined boundjiries, and there is no doubt that whatever the globulitic 
bodies may be, they represent the incipient development of some 
mineral which retains any iron it may contain in the protoxide 
state, since the globiilites are either colourless or jiale green ; but, 
since the surrouiiding biotite is of a green colour, it is difficult to 
say what their colour would be by transmitted liglit, if isolated. *By 
reflected light the opaque portions of these ciystallites, where the 
globulites have become densely packed, appear of a pale green or 
greenish white. A drawing of some of them, as seen by substago 
illumination and magnified 850 linear, is given in PI. XXI. fig. 0. 

The rock is granite. Portion of the section magnified 18 linear 
is shown in PI. XX. fig. 2. 

, 2l 2 
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No. 13. Worcestershire Beacon. North aide of summit. — A greenisb- 
;l^l?0y crystaHine rook, apparently composed to a large extent of horn- 
crystals varying from about 2 millim. to smaller dimensions, 
the micro^ope it is seen to consist of hornblende, decomposed 
>l^parB, apatite, and magnetite. The hornblende is very fresh. The 
liibaTages are well defined and the pleochroism strong ; assbrownish- 

J eltow, Jasdark brownish-green, c= bluish-green. The felspars axe 
a too advanced a stage of decomposition to admit of any determi- 
nation, but a few of them show faint indications of twin-lamellation. 
The magnetite occurs in irregnidr grains (PI. XX. fig. 3). 

The rock is possibly a syenite, probably a diorite. The altered 
condition of the felspar precludes a decided opinion. 

No. 14. W or cesier shire Beacon. Summit. — A crystalline rock 
apparently composed of dark green crystals of hornblende and 
pinkish-groy felspar. 

Under the microscoi)e the constituents are found to be hornblende, 
tri clinic fel8j)ars which show the extinction-angles of labradorite, 
apatite and magnetite. A little quartiJ is also present, but it certainly 
cannot be regarded as an essential constituent of the rock, which is 
a diorite. ^liie si'etion shows no traces of foliation. It is an erup- 
tive rock, and its general a]>])earance m situ is that of a vertical 
dyke about IS inches to 2 f(‘et broad. 

Portion of a section magnified IS linear is shown in PI. XX. fig. 4, 
as seen between! crosMod nieols. 

No. 15. ^Voir(sters]^^r^ lieuion. North side of summit. — A very 
fine-grained, pnie hluish-grej crystallino rock. Hpidote in small 
grains, trielimc fedspnr, ((uari/, and sparsely disbemiiialcd grains of 
magnetite appear, under the microseo])e. to be the ehi(‘f e(mstitucnts 
of this rock (1*1. NX. fig. 5). lleie and there a faintly defined linear 
arrangement of the t‘pidote may ho seen, as shown in the drawing, 
but it can hardlv bo regard«Ml as foliation. 'J’hc rock is ])r()l)al)]y 
an altered <|mrt/ -diorite, but it may, in its present condition, be 
looked upon almost as ejudosite. 

No, Id. Htnfordshire Btacou. North sid(\ uear toj* of ancient 
British Vamit, — A fine-grained cnst«illine greenish-grey rock with 
small black ish-grtMM! i)orph\ritie eryst.ils. Under tlio microscope 
the latt(*r are seen to he hornbhside, and ragged fibrous-looking 
crystals of this mineral appear to constitute a Lirge proportion of 
the rock and, from their arraiigenicnt, to give rise to a wavy and 
faintly foliated structure (PI. XX. tig. d). ]\linuto granular crystals 
of epidote are plentiful, while patches of magnetite, often accom- 
panied by a little hrematite, are common. The remainder of the 
section appears to consist of lel8])ar, for the most part decomposed. 

Judging from the general appearance of the rock under the 
microscope, it seems liighly iirobablo that it is an altered diabase or 
andesite tuff; but il is also possible that the foliation in this, as in 
some other cases, may ho due to shearing. 

No. 17. Hertfordshire Beacon. North sulCf near top of British 
Camp. — Dark blui$h-grey to reddish-brown crystalline rook, show- 
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ing, on a cut surface, small reddish-bro'wn and greyish-white 
bio^hes on a dark bluish-grey ground. 

Hornblende, triclinic felspars, quartz, epidote, apatite, and a little 
pyrites and chlorite appear, under the mici’osoopo, to be the principal 
constituents of this rock. 

Some of the felspars, judging from their extinction-angles, are 
labradorite, while others occasionally give an extinction -angle of 
89°, and must consequently be referred to anorthite. Tho horn- 
blende appears of a j)ale green colour by transmitted light ; it occurs 
in irregularly bounded crystals which show the characteristic cleavage. 
The epidote occurs in moderate-sized ciy’stals and in small grains. 
The quartz has segregated so as to form distinct bands, which 
alternate with the very irregular hands of hornblende, epidote, &c., 
through which more or less quartz is also disseminated. 

It is difficult to assign any precise origin to this rock ; it might 
quite well have resulted from the degradation of syenitic rocks or 
liornblendic gneiss. It may even be regarded as a fine-grained 
hornblendic gneiss, and it is to the latter rock that J am inclined pro- 
visionally to refer it. Its general appearance hy onlimirv transmitted 
light under an amplification of 18 linearis shown in Tl.XX.fig. 7. 

Xo. 18. Jft'n fordshire Beacoi). Close to and on the west of the 
Cave . — llather coarsely crystalline dark gremish-grey rock resem- 
bling basalt. 

Under the microscope the convsiituents are to he augito, 

triclinic felspars, a])atite, pyrites, and serpmtine (PI. XX. fig. 8). 
Tho crystals of augite are oocaisionally ov(5r -f y in(?h in length. Tho 
characteristic, almost roctangularly-intersecting cl(^;jvag(‘s may ho 
seen in the basal sections. The crystals arc int^'isecled hy stj ortg 
and very irregular fissures, frequently acc{)m})anied hy peroxide 
of iron, which communiejites a rusty stain to the augito for 
a slight distance bordering the cracks. Hero and there minute 
scales of specular iron may also he sccai lying within the Hu})stancc 
of th(! augite. In sections parallel to 010 the ineasiireincnts of tho 
extinction c : c vary but little from 88°. TIicbo augite-crystals 
barely exhibit a trace of j)lcochroism. The felspars show by their 
extinction-angles that some of them are lahradoi’ite, wliile others, 
and those perhaps the more numerous, are anorthite. Tho latter 
show, as a rule, less twiu-lamcllation than tin? labradorite, and the 
cxtijiction-angle measured in four or five sections is 87 and some- 
times 88°. Pale green patches of serpentine arc common in the rock 
and probably result from the alteration of olivirn*. No distinct forms 
which can be referred to crystals of olivine, however, ar(} to be met 
with in the prex>aration. Tho pyrites occur in very irregularly-shaped 
patches often traversed by a labyrinth of channels and generally 
verj' much cut up by branching cracks, which, when seen by reflected 
light, ajjpear to be filled with haematite, while the j^y rites is very 
frequently seen to be intimately associated with magnetite, the 
latter mineral always envelojnng the pyrites. From its mineral 
constitution the rock appears to be relat^ to eucrite. 

An analysis of a rock from the same locality, no doubt the same 
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rOok, lias been given by tbe Bev. J. H. Timins (an alvsis xxxvii.^ 
This analysis is subjoined, together with one of eucrite lava from 
Thjdrsd in Iceland t ; — 
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Til the first analysis traces of oxides of manganese and eoj>p(?r are 
reoordc^d, and in the latter analysis traces of manganese, cohalt, 
and nicked. In the latter analysis, also, the iron is all in the 
])rotoxido condition, and the alkalies are given as Na. 0 = 1*24 and 
Iv./) = 0*2(). 

Mr. ddniins t stated that the subject, of his analysis contained a 
few grains of olivim* and a little <iuartz in cavities. He also adds, 
“ 1‘aits of this rock rcvsenihlo the matrix of the Java of tlie Cajio di 
Hove near Home. In its (diemical composition it nearly corresjamds 
with that Mhi(di Hunseii gives for the ‘ xS ormal Aiigite'§ of 
Iceland. Ts'ol w itlistumling its oecurrenee in regular beds, its inine- 
ralogical (dinracha* and its cheiniital composition make it probable 
that it hasy/oa’( (/ over the suihure."' 

It is gratifying to find the miii(‘ral eonstitution of this rock, as 
revealed by the mierosi^ope, so w<dl in accord with the results of 
Mr. d hmius's analysis made twenty years ago. 

The rock is eucrite- or anorlhite-hasalt. 

The micrite lava, of Thjorsa, the analysis of which 1 have here 
employed for comjiarison, is cited by Von Lasaulx ! as an examjilo 
of a true eiierite, ami there seions, thoreforo, good reason to acceiib the 
aual\asis given hy Kalkowsky as typical. The latter authority docs 
not consider the term eiierite widl chosen, and di'precates its use. 

]S"o. 1 1). Jlen’/onfshire Jicacon. Enfft .vh/t% at the had' of the Cave , — 
Tory tine-grained bluish-grey aphanitic rock. Under the microscope 
it is seen to consist of felspars, chiefly labradorito, augite, titani- 
ferous iron, leucoxene, and pyrites in exceedingly minute specks. 

'The section is traversed by a small vein of "eiadoto enveloping 
fragments of the adjacent rock and also a little quartz. 

The augite ajipears in irregular grains, few distinctly formed 
crystals being visible. 

The felspars occur in lath-shaped crystals, generally corroded and 
frequently bent (PI. XXI, tigs. 4 & 5). There is much opaque 

* *‘0a the Chemical Geology of the Malvern Hills,” Q. J. G. S. vol. xxiii. 
p. 358. 

t Kalkowsky, ‘ Elemento der Lithologie,’ Heidelberg, 188(), p. 130. 

t p.350. 

§ The name Augite was used synonymously with Hiaalt by some of the 
earlier writers, and is given, in this sen^ by liinahan, * Handy-Book of Eo 
Hamos,’ London. 1873, p. 73. 

I ’ Elemeute der Petrographie,* Bonn, 1875, p. 316. 
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white matter in the section, which, as seen by substage illumination, 
is indicated by the darker parts in Pi. XX. fig. 9. This is probably 
leueoxene, and it is generally associated with an opaque black 
mineral, which may, consequently, be regarded rather as ilmeuite 
than as magnetite. The rock is a basalt. 

No. 20. At the bade of the Cave, Herefordshire Beacon^ overlooJclng 
Castle Morion Common, — A compact pinkish-brown to pale liver- 
brown rock of felsitic appearance and not unlike some porcollanitos, 
with splintery to small wav}*, almost coiichoidal fracture, harder than 
steel, harder, at all events in ])art, than quart/, since the brilliant 
pyramidal face of a quartz-crystal was distinctly scratched by sharp 
corners of the specimen. 

Under the niicroscoix) the rock is seen to be filled with miniito, 
sometimes irregularly-shaped, ])ut generally jK‘arly s]»horical granules 
with apparently a somewhat high refractive index. 

The aspect of the section hetwoeu crossed nicols is tluit of a ftdsite, 
and it api)ears that the feeble light transmitted under these conditions 
emanates from portions of the otherwise s(*oiriingly structureless j)arts 
of the ground-mass, since, as a rule, tlu' minute granules are appa- 
rently isotropic. It is, however, ditlicult to sj)cak posit iv<dy as to 
th(ur absolute isotro]»y. Here and there crystals ranging from -j-hr 
inch to smaller dimensions may be seen tdlhcr isolated or in groups. 
They arc colourless and juisinatic? in habit. They are traversed 
ixansversely to the axis of the* prism by liin^s which may roprosent 
a rather irregular cleavage, Jietweeii crossed nicols tln^y undergo 
parallel or straight extinction, and may belong to the rhombic 
system. 1 would very doubtfully refer them to topaz, a su})position 
which is strengthened by the analysis (xlii.) of tin.* Kov. J. H. 
Timins* of a rock froiii the same locality, in contact with lelstono, in 
wliich he detected one per cent, of Jiydrotluoric acid. An interesting 
])oint connected with this rock is an obscure perlitic structure. In 
the first section examined it was not suflicicntiy well marked to 
enable me to form a detiiiile conclusion; but since, in another 
section off the same specimen, a similar but better-marked structure 
(PI. XXI. fig. 7) has been observed, 1 no longcu* hesitate to describe 
the rock us a devitrified obsidian with ])ciiitic structure. It may bo 
the rock analyzed by Mr. Tiniins, No. xliii., described by him as 
felstone “ of a pink colour,*’ or No. xlv. “ Porcellanite, north-east of 
the cave ” f- It is probably the latter, but both analyst's arc here 
transcribed : — 
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^ ** On the Chemical Qtsology of the Malvern Hills,” Q. J. 8. voL zxiii. 
p. 360. 

t (tp- ciL p. 360. 
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The percentage of alkalies is, however, considerably lower than isf 
tieual in rocks of this class. 

The perlitio strocture is chiefly rendered evident by the massing 
t(^ether of the minute granules already alluded to along curv^ 
)ines« This is indicated in the drawing which was made from a 
'gpOt in the section which shows the structure best, as it frequently 
becomes very obscure, owing to the multitude of the granules, so 
that oftentimes no arrangement denoting perlitic structure can 
be traced. Even under favourable circumstances it is frequently 
needful to examine the section attentively before the fact that 
this structure is present and pervades the entire section becomes 
evident to the ob8(*rv(*r. The Hj)ecimcii was collected and lal>clled 
as likely to show i)erlitic structure. It does show it, but it is 
the most feeble demonstration of tJie structure that I have over 
seen. It is interesting, however, as b(*ine: the first indication of a 
vitreous rock in tli(‘ iMalvern Kaiige hitherto recorded, and it may 
possibly ])eloiig to the same geological liorizon as the jxTlitic rocks 
of the Wrokin, first described by IVlr. S. Allport 

Th(‘ H])ccimen is a mere surface-chi]), and further search in the 
neighbourhood from which it was doiived would certainly yield 
better material for investigation and probably more satisfaetorj^ 
results. 

The apparent banding show’ii in Tl. XXI. lig. 7 is merely clue to 
alteration, ])roduee(l by the filtering of water along cracks resuhing 
in a slight ruvSting ; but thc'sc cracks, as shown in the drawing, have 
boon faulted 1)\ oIIut minute fissures. 

Xo. 21. //e/////>u.s7/ PftHK. L(t)’(fr Q^arn/ on Korih ^ of roa(L — 
AvtTage sam]>lc' of the stone now^ (]unrri(H]. Vctv fiiie-gi’aincd 
bluish-gre> ciyst.dline rock, strongly attiac Is tiu' magnetic needle. 
Under a ])ockei-J('ns it sliow’s here and IIktc* h tew' scales of silvtTv 
mica. Its geijcrnl a|)])earance resomhlc's that of ven fine-grained 
wliin. Under llu* luiel• 0 '^copc the rook 5q)}K'ars to consist of aliened 
triclinio fels])arH, biotite, magnetite, and vaiions ])ioduets of d<‘- 
coinposition. The felsj»ars, when tlieir < dinct ion-angles can he 
made out, are appaiontl\ labradoritc'. Xumerous hut very small 
apatite crjstals are visible; ejjidote and chlorite are ])resent. The 
magnetite frequently occurs in octaln.dia, w liicli now and then, liy 
their reontoring angles, arc scam to lia\o a paralli'l groujdng. The 
general imiiression derived from an examination of this rock under 
the microscoi>e is that it is a luucli-altered diabase, 

!No. 22. i:>ivi)nfariCs Jhll. ( Umwu net meot of Sorih t ml of the nthjr. 
— A verj'' coarsely crystalline rock consisting of rod felspar in largo 
cry’stals, a greenish mica in small scales, and ejuurtz in crystalline 
pellets, occasionally nearly half an inch in diamtder. 

Under the microscoia' tlu^ felspars are seen to be microcline and 
orthuclase, the former show'ing, in ])olan/ed light, the characteristic 
twin-lamelltt) intersecting a])proximately at right angles, the angle 
of maximum oxtinction in basal sections being about 15 ' from the 

Quart. Jouni. Oeol. Soc. vol. xxxiii. p. 449. 
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directions of the lamellsB. The orthodase also occurs in large 
crystals. One of those present in the section is twinned on the 
Carlsbad type. The mica is of a green colour by transmitted light 
and the crystals are much smaller than those of the felspars. The 
quartz encloses great' numbers of fluid-lacunse containing bubbles* 
These cavities are mostly ranged in lines or streams which appear 
to follow two general directions crossing at a high angle, which, 
however, varies, as the lines are rather wavy and sometimes converge. 
By carefully traversing the preparation under the microscope it is 
seen that the directions of these streams of cavities are tiderably 
persistent in patches of quartz more or less widely separated, and it 
is possible that they may be approximately normal to two different 
directions of stress. The largo patches of quartz are seen in 
polarized light to be made u]) of smaller j)a1elies, each being an 
individual (juartz-crystal ; yet the same stream of caviti(‘B will pass 
unbroken through many of thes(^ crystals, until, joining with other 
streams of cavities, it can no longer ])e tract‘d, or until it reaches 
the opposite side of the composite area of (]uartz. 

None of the com|jonent minerals exhibit any dclinite erystalliiie 
forms. No apatite is present, but a few granules, aj>parently of 
epidotc, tiro visible. 

Tiio ro(;k is a coars(‘-graincd granite or pegmatite. 

No. fSivinf/nnrs UUL IUffhesl point of ihe — A coarsely 
crystalline rock corii])()wcd apparently of daik-grc('n hornblende and 
]>inkish-grcv to greyish-whit e tels])ar, with a f(‘W minute scales of 
a silvery mica.. Tlie cliief const ilmmt of the rock, however, a]>pcars 
to be hornblende in largo crystals. 

Und('r the microscope the constituents are seen to be hornblende, 
triclinic felspar, ti colourless mica, epidotc, natrolite, and magnetite. 
Of these, hornblendes .is )>y far llu; most im])ortant, constituting 
probably more than three fourths of the rock. 'J'lie J‘els])fiTs approxi- 
mate in their cxtinctioii-angleH, in some case s to aiidcsiue, in otliers 
to labradoriie ; ljut the Ijimelhc are often bent. Thc‘y are by no 
means numerous, and exhibit no well-dt'lim^d eryslalline form. 
Cl'he mica is colourless or of a verj^ pale grccnisli tijit \ylnai viewed 
in thin section hy transmitted light. Both cpi(]ot(' and magnetite 
occur in small irregularly-shaped grains. I'he riairolite is chie% 
met with in tlie triidinic felspars, iji small j)risras wJiic'h polarize 
in brilliant colours, and, Ijctwcen crossed nicoLs, undergo straight 
extinction. Here and there minute scales of s]K.*cular iron of a 
bright orange-red colour may be seen in basal sections of the mica. 
In these sections only a portion of an hyperbola can be seen in 
convergent polarized light. 

The rock is a diorite, and was described as such by the late 
Dr. Holl *. Tlie Rev. J. H. Timins has also described it in his 
paper t as “ containing hornblende, white felspar and silvery mica. 
The more micaceous and felspathic portion of the rock was 
analyzed.” The analysis is subjoined. 

* Qp. cit. p. 77. Where he refers the felspar to oligoclaee or anderine. 

t Cy. int. pp. 363-364. Analydia lx. 
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Silicaas44*76. Alumina =16*60. Oxide of Iron =8 '43. Oxide 
e! Manganese = 0*20. Lime = 9*92. Magnesia = 8*56. Loss on 
Ignition =2*68. Alkalies and Ij08s=8*85. 

Ko. 24. Swinyard*8 Hill, North side of highest jmint ofridye, — A 
remarkably coarsely-crystalline rock composed of flesh-red felspar, 
dark green hornblende, and quartz. This and No. 22 are perhaps 
the most coarsely crystalline rocks in the whole of the Malvern 
Bangc. 

Under the microscope by ordinary transmitted light the horn- 
blende appears of a greenish-brown colour, and some minute opaque 
brown licjcks, soomingiy of Jimonite, may here and there be seen in it. 
The felspar-crystals arc mostly vt^ry large and exhibit no definite 
crystalline form, thfdr boundarii^s being oxtromelj' irregular. Some 
of them are tolerably fresh, others considerably altered. One 
measurement gave an extinction-angle of about 5^, another, but not 
a trustworthy one, about 12°. Tliey are ])robal>ly microcline. The 
quartz contains lluid-lacumT3 with bubbles. 

The rock is coarse hornblendic granite or quartz-syenite. 

No. 25. tSwitiyanrs JHll, North side of hl<fhrst point. — A rather 
fine-grained, crystalline, diori tic-looking rock, apparently composed 
of dark grtH'U hornblende and a ])ale grey or ])inkish-groy fels])ar. 

Under tlu^ microscoj»o the hornblende appears tt) be the principal 
ooiistituoni ( VI, X.X. fig. lU). It is of a brownish -green colour when 
viewed by transmitted light. Its ])le()chroi.sm is strong, u=pale 
brownish yellow, h coffc^e-hrown, r greenish brown. 

Where moderately fresh, tile extinction-angles of the felspars 
indicate that tlu'y may he in some cases aiuhjsinc, in others iahra- 
dorite; hut for the most part the felspars are greatly decomposed, 
and no safe deductions can he formed ceintorni ug them, except that 
they are tri<*liiiic. Th(‘y aj>pear, in most cases, to bo replaced by 
natroliie. Uuartz, containing miiiiito fluid-lacume, is of common 
oceurnmee in the si'ction : but the grains are small, and it forms a 
comparatively insignilicant propiu'tion of tlie rock, which must be 
regarded as a diorite. 

No. 26. jStvinyai\rs Illll. Jnst Sooth of the sumntif. — A very dis- 
tinctly fbliatcd crystalline rock, tlie ])an(ls being alternately fiesh-red 
(or a finely crystalline adniixtun* of llesh-red and greyisb-whito 
minerals) and dark gre(‘n, the eonstituent of the dark green bands 
being probably honiblende. Under a pocket-lens a few minute 
scales of sil very-looking mica are visible. The foliation reminds 
one somewhat of that of the Schorlsc/tiifir of Aiiersberg in Saxony; 
but in the latter rock the dark bands are intensely black instead of 
dusky green. 

Under tho microscope, quartz, magnesian mica, and, apparently, 
some muscovite and triclinic felspars, ospecitdly microcline, are 
Been to be the principal constituents of the rock. The cleavage- 
planes in the mica have a general tendency to follow the foliation, 
which in reality is due to this mineral. The (juartz shows streams 
of fluid-lacuna>, which in nearly all cases run in a direction more 
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or less at right angles to the foliation. There is something more 
than accident in this circumstance. By reflected light, a rusty 
brown colour is seen to pervade the darker bands of the rock, and 
the darkness of these bands appears to bo due partly to the presence 
of biotite, and partly to that of limonite. The rock is essentially a 
biotite-gneiss. 

No. 27. SufinyarcVs largest Qmrry^ South end, — Dark grey, 
finely foliated micaceous rock. On a cut surface, blotches and 
streaks of a flesh-red felspar arc visible. The ro(;k has an imper- 
fectly fissile structure, and on the schistoso planes the micaceous 
character is, of course, most percepiil)le. 

The description of the microscojnc characters of the preceding 
specimen applies equally well to this, except that tluM-e is more 
muscovite present, and it is still noteworthy that Ihosinaims of iluid- 
cnclosures in the quartz again run in a directioji ronglily nonnal to 
that of the foliation. 

The rock is a biotite-inuacovite-giuass. The foliated structure of 
this rock is shown in 1*1. XX, tig. 1 1. 

No. 21S. ]ia<j(f(uhtone JUll^ Easlern Spur at iop of h/dl near the 
middle^ and at the northern end, — A tine-grained, greciiish-grey, 
micaceous, schistose rock. 

Under the microscopei, rjuartz, a little fels])ar, muscovite, and 
kaolin apj>ear to bo tlie principal constitmvnts. 'i'h(‘ (piartz occurs 
in grains and aggregat(\s of grains, which have a lenticmlar form, 
and the mica scales lie? in wavy lilnis, which separate tlu'se lenticular 
bodies and impart a wavily streaked ap})earance to a section taken 
transversely to the schistose^ structure of the rock. 'Jh(‘se micaceous 
streaks arc nanlered more distinctly visible by ar» 0 })a(jue yellowish- 
white substance which aC(;omj>anieH tliein, and is ]»robably kaolin. 
Small s(^a]es of mica are also seen travorsiijg individual grains of 
<]uartz. The quartz contains numerous fluid-lucume, and these, again, 
frequently lie in stn*anis which in most eases follow directions more 
or h^ss steo]>ly inclined to tlie general direction of tlic micaceous 
bands. 

The rock is a mica-schist. Its foliated character is shown in 
ri. XX. fig. 12, where the darker markings represent the micaceous 
bauds. 

No. 29. Sudnijard's J/dl, large Qaarrg^ South end,, at foot of hill , — 
An essentially micaceous rock, in colour reddish brown to grey 
transverse to the direction of fission, but greenish grey, from the pre- 
dominance of mica, along the jjlaiies of fission. The fissile structure 
is very' irregular. 

The microscope shows the presence of quartz, felspar, biotite, here 
and there a grain of magnetite, natrolite, and a very little limonite. 
Some of the felspar show^s twin-lameliation, but it is nearly all in an 
advanced stage of alteration. It appears to be microcline, as a rule. 
The biotite is of a greenish colour, and runs in irregular bands. 
The quartz is in irregularly-bounded crj^stalline grains, through 
which mn streams of fluid-enclosures at right angles or obliquely to 
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the direction of the micaceous bands, as already pointed out in the 
descriptions of specimens JSTos. 22 and 20. That the direction of 
these streams of enclosures, is dependent upon causes operating sub- 
sequently to the formation of the quartz is evident from the fact 
that when the section is exaininccl in polarized light the same 
Stream of enclosures will be found to trav^ersc without deflection 
several crystals wliich differ from one another in optical orienta- 
tion. 

The rock is a biotite gneiss. 

No. 30. liaggethtone Eastern Spur, North end, top’. — A very 
fine-grained, pale, bluish-grey rock, resembling an exceedingly fine- 
grained quartzite. The rock is very hard, a knife-point making 
little or no impression on it. 

Under the microscope, between crossed nicols, the section presents 
a general appearance similar to that of the ground-mass of a quartz- 
porphjTy, or of a rather coarse microcrj’stalline felsite, in which 
occur numerous porjihyritic crystals of felspar and delicate strings 
|ind specks of more or less opaque granular matter, which, under 
refiected light, appears of a yellow-white or pale reddish-brown 
colour. Under a higher power, however, it is seen that the opacity 
of these strings and spots is only partial, and that in great part 
they consist of small translucent greenish or nearly colourless 
granules of opidoto, with much fine* dusty matter of a deep green 
colour, which appears to be allied to chlorite. Tlie porphyritic 
felspar seems to be of a mixed character, the angles of extinction in 
some crystals being apparently very low, in other cases approxi- 
mating to those of labradorite. Microcline is also i)resent. Some 
of the felspar may he andesino. 

The rook in some respects resembles granulite, but garnets are 
absent, and the felspar is all, or nearly all, plagioclastic. On the 
other hand, it is not unlike some felsites, C8})ecially some of the 
more coarsely micro-crystalline pai ^ of certain dovi trifled rocks. 
I am, however, inclined to regard it as an altered sandstone derived 
from the disintegration of the older Archaean rocks, and bearing 
the same relation to them that arkose or millstone-grit bears to 
granite. 

A drawing made from a section of this rock, magnified 25 diame- 
ters, is given on PI. XXI. fig. 1. 

No. 31. liaggedstone Hill, Eastern Spur, North end, top. — A pale 
brownish-grey to bluish-grey rock, resembling quartzite strongly 
impregnated with very minute silvery-looking micaceous scales, 
and with a schistose structure. 

Under the microscope, in polarized light, this rock is seen to he 
essentially a quartzite, in which a schistose structure is induced by 
extremely thin micaceous or serieitic films. These are, in some 
instances, crossed by rather irregular and tolerably broad hands, 
consisting of quartzite of a much finer texture than that constituting 
the mass of the rock, and suggesting that another stress has been 
experienced in a direction approximately at right angles to that 
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“which produced the schistosity of the rock. The quartz-grains, 
which are quite irregular in form, contain fluid-lacunae, often ranged 
in lines, and these streams of enclosures Ho sometimes in the direc- 
tion of the flne-grained quartzitic bands, at others in the direction 
of the micaceous bands. 

The rock may not; inaptly be termed a micaceous quartzite-schist. 

l^irt of a section of this rock is shown in PL XXI. fig. 2, as seen 
by ordinary transmitted light. 

" No. 32. stone Hill, Eastern Spur, East side. North end, near 

the middle. — A very compact, bluish-grey rock, translucent on the 
edges, resembling quartzite, with a faint laminated structure, and 
showing under a pocket^ens numerous minute, glistening, crystalline 
facets or cleavages. 

Under the microscope this is seen to be a quartzite containing 
numerous but very minute scales of mica, which, in places, show a 
tendency to segregate in irregular lines. They are not, however, 
sufficiently numerous in proportion to their size to impart a fissile 
character to the rock. 

No. 33. Vein, about a foot in thichness, in first quarry on South 
side of The Wych, Western side of the Malvernliamje, — A very coarsely 
crystalline rock of a deep flesh-red colour, with spots of greyish or 
bluish- wliite quartz. 

Under the microscope the felspar appears to be microcline, the 
extinction-angle generally ranging from about 12® to 15®. The 
cross-hatched twinning on the pericline and albito types, so common 
in this mineral, is not to be detected in the section here described, the 
crystals showing but one set of twin-lamelhe, and in some cases none. 
The crystals are sometimes cracked and faulted, as shown in PL XXI. 
fig. 3. Some opaque white matter, probably kaolin, is present in 
small flecks and streaks. The quartz contains fluid-lacunce, often 
showing a faint linear arrangement. This is a good example of the 
pegmatite-veins so common in the Malvern Hills. Of their intru- 
sive character there can be no doubt. An admirable example of a 
branching vein may be seen traversing schists in an abandoned 
quarry on the east side of the Raggedstone and towards the southern 
end of the hill.* I am not, however, inclined to think that the 
coarse pegmatite forming the northern part of the ridge of Swin- 
yard’s Hill is to be regarded as a vein-rock or dyke, or as a series of 
veins ; it is more likely to be part of a deep-seated rock belonging 
to the lower, and i)robably to the lowest exposed portion of the 
Archman series in this district. 

In reviewing the results of the microscopic examination of the 
Malvern rocks, we must in the first place separate those rocks which 
exhibit foliation or lamination, or of which the origin has been 
sedimentary, from those which show no such structure, and which 
must, without doubt, be regarded as eruptive. This is the more 
needful since much diversity of opinion exists conoeming the inter- 
pretation which should he put upon the phenomena of foliation. 
We shall by this means classify the rocks of the Malvern Range into 
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a banded and an unbanded series, and under the former will come 
the different varieties of gneiss. For my own part, I am inclined to 
regard the gneissic rocks of this district as probably being more or 
less altered volcanic tuffs, or as sedimentary rocks mainly composed 
of eruptive material derived from the disintegration of rocks of a 
dioritic or syenitic character. Beafions for and against the assump- 
tion of a sedimentary origin for these gneissic rocks have already 
been given in the first part of this paper, and a section through tho 
Malvern Hills was appended, based upon the hypothesis that folia- 
tion in this district corresponded with structural planes which fre- 
quently mark lithological differences, and that these structural 
planes were possibly planes of stratification. We shall find, on 
comparing the results of the foregoing microscopic examination, 
that, except in that part of the range which lies south of the fault 
crossing Swinyard’s Hill, the rocks are of a mixed character, being 
partly foliated and partly devoid of foliation. In the following Table 
the rocks are placed in three columns, so as to divide the eruptive, 
the foliated, and the probably and unquestionably stratified rocks: — 



Eruptive. 

Foliated. 

Stratified. 

North Hill 

North Hill 

North Hill (above West 

Hornbl ende-Gabbro, 
Diorite. 

Quartz-Syenite. 

Gneissic Syenite, 

Gneissic Diorite. 

Altered Tuff; 

Malvern) 

North Hill (TheDingle) 
Worce-stei’shire Beacon 

Mica-Hiorite. 
Miea-Diorite. 
Granulite?, Granite, 

Biotitc-Gneiss. 


t 

; Ihorite, Epidosito ? 



Hereforduhiro Beacon . 

' * Eucrite, ♦ Basalt, 

I * Deritrifieil Obsi- 
1 dian. 

! Ilornblendic Gneiss. 

Diabase-Tuff ‘ 

Swinyard’s Hill 

i Peprmatitc, Jlorn- 

1 blonde - Pegmatite, 

Biotitc-Gneiss, Bio- 
tite, MuvSeovite- 


Hollybush Pass 

j Diurite, 

I Diabase. 

Gneiss. 


Baggedstoue Hill 

1 

i Mica-Sehisf;, Mica- 
' ceous Quartzite- 

Altered Sand 
stone, Quart 

++ i 

! 

Schist. ^ 

zite. 


t Bocks between a little south of (he summit of tho Woreostershire Beacon 
tni to Winds Point wore not oolleeh'd. 

t Bocks of Midsummer Hill were not collected, 
tt Bocks of Keys End were not collected. 

* These occur in the eastern buttn^ss of the Herefordshire Beacon, and are 
of Cambrian (?) age, “ Altered primordial rocks ” of Dr. Holl. 

It is evident therefore that the above list gives only a very^ in- 
complete idea of the rocks constituting the whole length of the range. 
By reference to Dr. HolFs pa])cr, these gaps ma5% to some extent, 
be filled np, as already indicated in the first part of this communi- 
cation. From the tabular classification just given, it appears that 
the North Hill consists partly of rocks which show no foliation, and 
which we must regard as truly eruptive, and partly of foliated rocks. 
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whicli ia many cases are, I think, either altered tuffs or are com- 
posed of the debris of eruptive rocks rich in hornblende. The rocks 
of the Worcestershire Beacon appear to ho mainly eruptive. Those 
of the Herefordshire Beacon are, 1 believe, chiefly gneissic ; but the 
exposures are not sufficiently numerous or good to enable me to say 
much on this point, and the time for more careful examination was 
wanting. The cucrite, basalt, &c., which I have classed with the 
general mass of this beacon, occur in a buttress of the hill, which, 
according to Dr. lloll, consists of “ Primordial rocks.’’ 

The northern part of Swinyard’s Hill is composed of pegmatitic 
or granitic rocks of varying coarseness. The altered diabase in the 
Hoilybnsh quarry forms part of the southern end of Midsummer 
Hill. A vein of pegmatite, consisting in great part of a red felspar, 
is, at the present time, exposed in the lower part of the quarry. 
South of Midsummer Hill we meet with fine-grainod gneissic rocks, 
quartzite-schist, quartzite, and altered sandstones, which form, I 
believe, the highest and least altered part of this Archman series. 

The views advanced in the first part of this paper appear there- 
fore to be, as a rule, borne out by the microscopic examination of 
the rocks, except that those of a truly eruptive character are much 
more plentiful than I had at first imagined. 

The Malvern Range may, I think, now bo regarded as part of an 
old land where denudation had laid bare certain i)lutonic rocks, and 
where volcanic activity was very great ; for 'whethor we look upon 
these gneissic rocks as beds of volcanic ejectamenta, or regard them 
as of sedimentary origin, there seems to bo little doubt that they 
are composed of the minerals which constitute eruptive rooks, and 
there appears to be no reason to assume that the alteration of any 
ordinary sedimentary rocks, sucli as slates and sandstones, could have 
resulted in the development of such a vast amount of hornblende. 
It may be argued that there is no apjireciablc difference in much of 
the hornblcTKlo occurring in the foliated rocks from that in tho 
adjacent and non-f<iliated syenites and diorites, and that it is there- 
fore probable that tho foliation has been induced in truly eruptive 
rocks by earth-movements*; yet, granting this, how comes it that 
all of the rocks are not foliated? Tlic pressure or movemont which 
would affect one bed would naturally affect those in its proximity ; 
yet wo meet with great variety in these beds ])oth in texture and 
in structural characters. The facts do not seem to mo to bear out 
the conclusion that earth -movements, at all events in the Malvern. 
Range, have begotten foliation, except, })erhapB, on a very small 
scale. Wo know too little as yet of the rocks which are formed 
from the waste of districts composed mainly of erui)tive mat/Cnals. 
Whehce come our hornblende-slates and schists, chloritc-schists, 
mica-schists, schorl-schists, &c., the constituents of which arc either 
those of eruptive rocks or their alteration-products, such as epidote, 

* Such apparently bedded structure, aucompanied by differenoes in texture, 
is described by Prof. Bonney, in his Presidential Address to this Society 
by the name psendostrornatumi^ which he regards as tho result of ** a crushing 

in situ of zones of the original coarse-grained rock.*^ 
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clilorite, limonite, kaolin, serpentine, &c. ? Some would say that 
they result from the pressure-metamorphbm of eruptive rocks. It 
is true that, in certain cases, slates of the ordinary kind may be 
found to graduate into mica-alates as they near an eruptive mtiss : 
yet is this the only way in which mica-slates and schists have been 
formed ? Admit that it is, and we may at once grant that the 
gneisses and schists of the Malvoms are hut metamorphosed sedi- 
ments. It may ho so: we have y()t to settle the limits of meta- 
morj)hism. On the other hand, it seems well also to suggest the 
possibility that the materials resulting from the denudation of 
eruptive rocks go soraewhore and form Homething, and that the 
resulting rock is consequently likely to resemble those from which 
its materials were derived, rallier than a slate or sandstone. I there- 
fore venture the suggestiojj that the ///temlc rocks of the Malvern 
Hills way he cmuposed of the detritus of eruptive rocks. It is even 
possible that in an etirly stage of the ejirtli’s history there was little 
save rocks of an eruptive nature for the denuding agents to work 
upon, and, if such an a8suin])tion w(Te true, those Archiean rocks 
would (daim a. far greater anti(juily than#if tlu'y resulted from the 
meiamorphism of stratified deimsita. 

Again, it is very dillicult to say how far the movements which 
these rock-masses have experienced may have influenced their litho- 
logical structure, and whether such movements liave lesultf^d in any 
of the effects attrihuled to shearing. That sindi act ion is implicated 
to a certain extent in the ]>roduction of th(*ir foliation is highly 
probable; hut how we are to distinguisli between tin? crushing and 
rearrajjgtnuont of crusluHl materials by lateral tlinist and the ar- 
rangement of detritus by a soi ting process (wliieli may take place 
either in air, in the case of volctiuic dust falling on land and rocks 
disintegrated and recemented In .dtu., or in water, in the case of 
volcanic dust and rock-detritus depositi^d in seas or lakes) it is very 
difficult to say. in either case wo liave triturated ruck-matter, in 
which a banded arrangement of the eonstituent.s*])rt;vaiLs. It must 
be ndmitUai, however, that, in the rocks of the Malvern Hills the 
foliation hears but little rest* in hi a rice to the structure induced by 
shearing, the crystals and ervstallint* grains seldom showing any 
marked lenticular form, w hile there is hut litth? resemblance, as a 
rule, to that pseudo-fluxion stnu tiiro, described by Lehmann * and 
other observers, which is so characteristic of rocks wiiicli have been 
modiffed by a creeping ni<»veinent along structural ])lanes. 

My conclusion is, that the rocks of the Malvern Hills represent part 
of an old district eonsistiny of ylutonic and, jwssihly. volcanic rocks, 
associated, with tuffs., sedimentary rocks composed mainly or wholly of 
eruptive wateruds, and grits and sandstones. That the structural 
planes in those rocks, sometimes certainly, at others possibly, indi- 
cate planes of stratification, and that the foliation in many cases, if 
not in all, denotes lamination, duo to dej)ositioii either in water or 
4>n land surfaces, probably more or less accentuated or altered by 


♦ * Entstehuug der altkryst. Sohiefer." Bonn, 1884. 
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the movements which produced the upheavals, subsidences, and 
flexures prevalent in the range. 

If the progressive development of organisms be admitted, wo can 
scarcely consider that the Trilobitos found in the Cambrian rocks 
represent the earliest forms of life, and, consequently, we may infer 
that earlier sedimentary deposits have existed in which still lower 
types would bo found. Yet, putting Eozoon out of the question, if 
such fossiliforous deposits exist, where arc they, unless so com- 
pletely metamorphosed that their life-history can no longer be de- 
ciphered? This seems an additional reason for supposing that, in 
the Archaean rocks wo have metamorphosed sediments associated 
with the products of vulcanicity and with plutonic rocks. 

The observations embodied in this paper are necessarily very im- 
perfect. To unravel the structure of the Malvern Hills would be 
the work rather of a lifetime than of a few months. It should also 
he remembered that the whole Malvern chain is only about eight 
miles in length and barely three quarters of a mile in breadth in its 
broadest parts ; that it is grass-covered throughout, save where 
outcrops occur or where quarries have been opened ; and that these 
outcrops and quarries arc not sufficiently numcTous to enable an 
observer to work out the rdation of the rocks to one anotluir with 
any precision, except in a few ]>laces. It is tlieroforo manifest that 
it would be unsafe to draw any general conclusions from such 
scanty data and in so limited an area, except provisionally and with 
great caution. 


Appendix to Paet II. 

The conclusioTis arrived at in this ])apor have necessitated some 
alteration in the interpretation of the structure of the Malvern 
Range, as illustrated diagrammatically in the section which was 
appended to P.art 1. (facing p. 488). 

The prevalence of (juartz-syenito or hornblendic granite and the 
existence of true diorites and hornblendic gabbro indicate that, at 
all events in a considerable ]K)rtion of the North Hill, the rocks are 
certainly eruptive. There seems also reason to believe that much of 
the nituss lying betweem the Dinglo and the summit of the Worces- 
tershire iieacon is also of a syenilic or granitic character, while it is 
liighly probable that the granulite occurring close to the summit 
represents a marginal condition of the granite. Of the relation of 
the dioriie to the gr.anite and sy(?nitc I am uncertain; but it seems 
probable that the diorite flanks these rocks as at Cock’s Tor, Brazen 
Tor, and other localities in Devonshire, where gahbros and sometimes 
amphibolites rest on the flunks of the Dartmoor granite It is 
probable also that, in suinc cases, the diorite penetrates the granitic 
and syenitic rocks. Upon these considerations 1 venture to alter 
that part of the diagrammatic section appended to Part 1. which 
lies between the northern end of the range and the Wych, as in the 
annexed figure (fig. 4) ; but it must be remembered that this altered 

* The Emptive Rocks of Brent Tor," Mem. Geol. Survey, p. lo, 

(I.J.G.S. No. 171. 2 k 
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Torsion is still hypothetical, and is not tho outcome of any detailed 
fieldwork. 


Fig. 4 . — ITypotlictical Seclion llironyh the North Hill and the 
I Vorcentershi re Benco n. 



^**OrnuiU\ fZ = ])ionl(\ lVlic.a-(lii)rit.e. /'—CJrjmulito, // =? llornblenclo- 

j^abbro. .s-:v ({ucinsic rockH. F b’- Fanils. 

Tli(' clof tod linos iudioato 1 bo rolal ivo j»(»Hilions of tin? m'ks prior to iaiilting. 
Tliorook inarkod Cl ranilo, //, is roallyavory honiblondio Uranito or 
syordto. 

It may also be (b^sirable to altt'r tliat ])art of the s(?ction which 
lies between the Jlerel'ordsliire Jleaeon and the Kaggedston(% treating 
tho northorn ixid; of Swiiiyard's Hill as ]Kir( of a possildy once deop- 
sealod mass of granite or pegmatite faulted in among newer rocks. 

The late Dr. lloll was of ojanion tluit this ])art of 8winyard's Hill 
was chieliy composed of granitic veins and it is quite possible that 
ho may have lu'Oii right, since he nieutioiied gnoissoid rocks, horn- 
blondic gneiss and schists as occurring with the granite. 

His observations in this locality were much more detailed than my 
own, yet I must admit tliat this j)ortion of the ridge did not appear 
to me to consist of veins, and he himself seems to have felt consider- 
able doubt upon this ])oint, as evidenced by the expressions “ Granite, 
probably a vein,’' “ Granite vein ? ” 

The rocks north of this fault crossing Swinyard’s Hill and forming 
the highest part of the ridge appear to be coarse horiiblendic granite 
or quartz-syenite, diorito, and gneiss. The diorites occur on either 
side of the coarso-grained qnartz-syeriite, as roughly indicated on 
the section (fig. facing p, 488), and the contact of similar rocks 
in the Worcestershire Beacon and North Hill is worthy of note. 

The southern part of Midsummer Hill also shows an intrusive or 
else an intorbedded diabase, probably tho former. 


* Op. cit. p. 77. 
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With these exceptions, I am disposed to let the remainder of the 
section (a]>pended to Tart I.> stand as it is for the present, since it. 
is mert^ly intended to represent diapjrammui ieally what may be, and 
is based upon a very limited foundation of observed facts. 

Tlio foliated finoly-crystalline «;neiss, micaceous schists, and (piart- 
zites in the south of the ranp:o a])pear to represent a series of altered 
and probably onco-stratitied rocks, such as sandst ones, and micaceous 
and felspatbic grits, and these graduate, as we pass northwards, int.o 
giieissic rocks, which probably represent coarse tutfs and detrital 
(lojiosits, com])osed almost wholly of maiori:ils derived from the 
waste of j)lutonic rocks. These are associated with plutoiiic rocks 
of similar mineral (s)ustilution, probablv in some cases t>f a later 
(late, but still of immense auti(piity. 

It may also b(‘ a. point of some significance that in what is hero 
regarded as the Lowit gneissie series we liav(‘ liornblciuh' in great 
(juantity ; in the Middle series th(‘ rocks Ixh-oiik* ]>artly micaceous 
and partly honihlendic : while in the Upper gneissie series, horn- 
])leTide is almost, or totally ahs<‘nl,, and tin' rocks in tlu* ]ow(fr pari; 
of this U])p(‘r series are very niieacM^oiis. Tin* jiiiea, howcivio-, Ixa'-onn^s 
loss and less phntiiiil as w(' ])mss soulliwards, until, in (he iipjawpart 
(d' this Up[)er sorii's, it is ])n^sent either in V(‘rv small (|u;»iitity or 
disappears altogidlier, as in th(‘ (piaidzites. 'riiore is, in t'.ud, as wo 
])aHS from the north to the soiitli of llui ^lalvern liang(‘, a diniinuliou 
in tlio pcTceiitugo of those minerals which liavo the ginat(‘st density. 

Althoiigli in tliis paper it is assumed that tlie rocks of the Malvern 
Hills ar(i partly erupt ive and ])arlly didrital. the latter showing under 
the microscojie no distimd ])seudo-tluxion structure such as would bo 
exjx'cted in cas('s of well-markixl pressun^-metainorphism, yet it is 
(piite ])ossible tliat thi‘ foliation in some of tlu‘se rocks may b(^ duo 
1(> the latter cause. 

One of l]u‘ stroiigi^st arguments in favour of such an hypothesis is 
that foliated or gm'issic diorite is here and t1ici(‘ found in contact 
with non-folial('d diorite, while gneissie (juartz-sy(‘rjii(5 also occurs in 
contact with <iuartz-syeiiite in which no foliidioji is discernibli^ 

That the mass whicli constitutes the main ridge of the Malvern 
Hills has expt'rienced K'peated movements and dislocations coupled 
v ith great stresses th(‘re can be no doubt. Jlemx} ther(5 is .strong 
j)robability that pi*es8uro-metaniorphism has had .^oine sliaro in de- 
v(doi)ing the ininnte structural characters of these rocks. Distinct 
evidence upon this ])oint seems, however, as yet, to be Avanting; and 
therefore, although Avilling to make all due concession to tlio advo- 
cates of prcssure-nudamorjdiisni, on the production of sufficient 
])roofs, I am for the present disposed to hold by the opinions Avhich 
1 have already stated, modifying them only to the extent hero 
indicated. 

There are probably many exposures of rock, south of the AVorces- 
tershire Beacon, which the limited time at my disposal prevented mo 
from visiting, nor am I sure that, among the specimens which I 
collected, there may not be many which would present fresh points 
of interest if examined microscopically. In those which have been 



512 


ME. E. ETJTLET OE THE BOOKS 


BO examined there may also be some minerals which I have failed 
to recognize. Mr. Teall informs me that he has detected spbene in 
.ome of the rocks of the North Hill, and I am by no means cert^ 
that, in one or two of the sections prepared from specim^s collected 
at the southern end of the range, rutile is not present. The opinions 
frequently expressed conccruinp: the species of the felspars must also 
bo accepted, in some cases, with a certain amount of reserve, since the 
measurement of the extinction-angles was often made from imperrectly 
developed crystals in which the directions of the planes of section 
were extremely doubtful. 

Under any Gircumstancofi the paper does but very imperfect 
justice to the various points discuftsod in it, and there still remains 
in these Archcean rocks a vast and comparatively unexplored field 
for the exercise of the hammer and the microscope. 


EXPLANATION OF TTTE PLATES. 

Platk XIX. 

Fig. 1. GnoirtBif quarl.z-Hycnito. !Nort}i ITill. x IH. (Specimen no. 1.) 

li, Epidot.e-plagioclaso rock. Probably ;ni altered diorite-tulf. North 
111 ill. X I s. (Speeimem ‘J.) 

3. Coarsely cryHt.alline and 8li<»hlly foliated diorito or Ijornblendie gneiss. 
North Hill, x 18. (Sj)eciinen 3.) 

d. Coarnely crystalline (piartz-diorite or hornblendc-gahbro, X ho. The 
drawing sltows ]»ortiou8 of crystals of hornblende and ortboclase. 
(Spoeiinen ‘1.) 

5. Diorite. Ivy Scar Eock, North Hill. X 20. (Specimen 7.) 

6. Bif»l itc-giieisa. Quarry above church. West Malvern, x oo. (Speci- 

men 9.) 

7. Altered mica -diorite. Large (piarry (Ijtdghton’s) at month of the 

Dingle, x IS. (Speeimen lO. ) 

8. Gmnulite. WtircesterHliirc Ileacoii, near top, north side. X 51), pola- 

rized light, nieols -f. (Speeitiieii 11.) 


Pl ATE XX. 

Fig. 1. Quartz-syenite or hornhlendie granite (feebly foliated?). Top of North 
Hill. X 2o. (SjTeeimen (>.) 

2. Granite. W<»rce.siershire Ihamon, near top, north side. X 18, nicols 

-f . (Specimen 12.) 

3. Diorito? (syenite?) (felspars much deeoruposed). Worcestershire Bea- 

con, top. X IS, nicols -f, (Speeimen 13.) 

4. Diorite. Worcestershire Beneon, top (?dvke). X 18. nicols -4-. (Spe- 

cimen 14.) 

5. Epitlosite (altert'd (piartZHliorite). Worcestershire Beacon, top, north 

side. X 18. (Spmmen 15.) 

G. DiabtistvtulT (? fo1 iation due to pressure-metamorphisin). Herefordshire 
Beacon, north side, near top of ancient British ctimp. X 25. (Speci- 
men 16.) 

7. Hornhlendie gneiss. Herefordshire Beacon, north side, near top of 

ancient British camp. X 18. (Sj^ecimen 17.) 

8. Euerite or nnorthite-basalt Herefordshire Beacon, close to and on 

west of the cave. X IS. (Specimen 18.) 

9. Basidt. Herefordshire Beacou, exist side, at back of the cave. X 5. 

(Speeimen 19.) 
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Fig. 10. Diorita. Swinyard’s Hill, north side of highest point of ridge. X 18. 
(Specimen 25.) 

11. Biotite-muscovite-gneiss. Swinyards Hill, largest quarry, south end. 

X 18. (Specimen 27.) 

12. Mica-schist. Eaggedstone Hill, east spur, top of north end. X 18. 
(Specimen 28.) 


Plate XXI. 


Fig. 1. Altered felspatliic sandstone. Eaggedstone Hill, top, east spur. X 25. 
iiicols +. (Specimen 30.) 

2. Quartzite-schist (micaceous). Eaggedstone Hill, lop, east spur. X 25. 

(Specimen 31.) 

3. Microclinc-crystal (crushed and faulted) in granitic vein. Quarry close 

to and oil south-west of the Wych. X 35, nieols -f- . (Specimen 
33.) 


4 & 5. Corroded and txmt crystals of triclinic lcls])ar in basalt. ITore- 
fordsliiro IJeacon, east side, at back of the cave (si^o also fig. 0, PL XX.). 
X 55, nieols -f, (Specimen 10.) 

0. Globulitic eryslallites in biotite of granite. Worcestershire Beacon, 
north side, near summit.. X S.'^O. (Specimen 12.) 

7. Dcvitrifi«*d obsidian, showing )>erlitic struct.iirc and faulted band. 

ireretbrdsbirc Heacon, back of the cave, overlooking Castle Morton 
Common. X 5.">. (Specimen 20.) 

8. Di.'igram allowing track of spontaneously moving bubble in fluid-lacuna 

in (piartz of gneissic quartz-syenite. Xortb Hill. (Si)ccimen 1.) 

0. Group of apatite crystals in diorite. Xortb Hill, just south of Ivy 
Scar Eock. x 350. (SjHX'imcii 7.) 


When not otlierwiso specified, the figures arc rojiresonted 
as viewed by ordinary truiLsmitU^d light.. 


Discussion 

(Dceemher I, 1880). 

Tho PiiESiPRNT said that- it was satisfactory that the Author had 
been able so coinjiletely to confirm Dr. Hoirs work. The three 
issues raised in the jmper would jirobably meet with a varying 
amount of ac([uicsccrice on tho jiart of the members : — (1) that 
these rocks are metamorphic, and not igneous, few would contest ; 
(2) there might be a difference of opinion as to the significance of 
the apparent succession ; (3) he anticipated a debate on the relation 
of foliation to sedimentation. 

Prof. Bonney would abstain at so late an hour from discussing 
the general (jnestion of foliation. Some years ago he had made a 
collection of these rocks, as also had Air. Alljiort, who, he trusted, 
would yet publish the results of his investigation. He would now 
only ask : — 

(1) Had the Author detected any indications of schistosity along 
planes of mineral banding ? 

(2) Is there any strong proof of mechanical disturbance productive 
of cleavage-foliation ? 

(3) Lastly, in studying the structure of the more coarsely crys- 
talline rocks, had he come upon those curious structures which occur 
in the oldest known gneisses, or upon those distinctly characteristic 
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of igneous rocks, and were they in any way modified by meta- 
morphism ? 

If these Malvernian rocks are gneisses of true Laurentian types, 
he would find them exhibit certain modifications in passing upwards, 

Mr, Teall said that the Author had described a number of facts 
which any tlicory of the district would have to account for. What 
is the significance of the pr)ncij)al structural planes ? This was the 
question which must )»o solved before any advance in the theoretical 
interpretation of the district could be made. The Author ap])carcd 
inclined to think that these ])lanes were originally planes of strati- 
fication ; otliorwiso no conclusions as to age could bo drawn. The 
coarsely tu'ystalline rocks were ignoons rather than sedimemtary in 
asj)ect. 11(3 thought tlnw might be igneous and of plntonic origin. 

'J’lie IbtEsiDKNT ol)serv(‘d that both the great longiindinal fault 
and also th(3 cross faults w(‘re of later date than the foliation. 

The AcTnou, in rcjdv, said tliat the Pn'sidi iit had indicated W’itli 
great cb'arness the liiu'S which the discussion should take. He 
agrt'csl with him concerning tht3 age of the faults; tlu3 amount of 
tlu‘ir throw is diflicult to determine. Had he know’n of the in- 
tention of Tr(»f. l»onn(‘y and ^Ir, All]Jort to take uj) this subject 
would hav(^ al)Btained from the task. Kot having fully ('xamined 
his slides, he was niiahle to answer (piestions relating to the micro- 
scopic characters of tlu' rocks. H(‘ had found Jio part icnlar evidence 
of mineral r(‘constriiclion ahmg divisional planes. Difhcult to say 
wdiether tb('S(3 rocks were or W'ere not igneous ; tluw arc* very ]ik(3 
S011U3 igneous rocks and yet with a nide foliation. 1I«‘ then sj)ok(3 
of the diffenmt nu'anings attached to tin* word nu'tamorjdiism. 
Judging fr(*m hand sjx'cimens, the Malvern rocks sccrac(l to resemble 
iliose from the lli‘brid(‘s and (\‘mada. He had little doubt that 
llie fine-graiiu'd schists were sedinumtary, as tlnw evc'ii contaiiit'd 
bods t)f (piaitzite. He admit t(‘d that, according to tin* meaning 
giv(']i to the section, the great planes must he taken as Ixxiding- 
phnu's. If the rocks wen* igneous, then tin* divisions into ui)pcr, 
middle, and lower gron])s had hut little iiiC'aiii ng. 'J'luTe may hav(3 
been interbedded lava-flows. He had ncvc*r im*t with divisional 
plaiuis t)f such an ev<‘ii and persistent character in undoubted 
plutonic rocks. 'I'lic divisumal planes, rudely parallel to the sur- 
faces of granitic masses, such as tlioso descrihed hy Boase and 
De la Bcche, were far less regular. 

Discussion 

(Jpnl 6, 1887*). 

The pKEsinuNT observed that the Society did not often enjoy the 
advantage which they had that evening, of hearing papers on the 
same locality by two authors who looked at the subject from dif- 
ferent points of view’. 

• This Discussion relates also to Dr. Callaway’s pui>ers on tlie Bocks of 
Galway and the Malvern Hills, pp. 517 and 525. 
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Mr. Teall said that Mr. Rutley had described a number of im- 
portant facts, but was ver}’ guarded in his interpretation of them. 
J)r. Callawaj^ otfered solutions of many of the problems. The pas- 
sage from felsite into a variety of mica-schist was of groat interest, 
lie agreed with Dr. Callaway, that crystalline schists and massive 
igneous rocks of similar chemical composition are frequently found 
ill nssoeiation with each other. He also agreed with Dr. Callaway 
as to the origin of certain banded gneisses. Cranitic and dioritic 
rocks might be seen in one part of the Lizard to vein t‘ach other in 
the most intricate manner. Jt was possible to trace the veined 
series into a handed gncissic series without a hrt'ak. Jle regarded 
the banded gneissic series as the r(‘sult oi‘ llie deformation of a 
complex mass of ])lutonic igneous rock, and this was the view he 
understood J)r. Callaway to maintain with retenMua^ to some of the 
[Malvern gneisses. 

Dr. Hjcks said that the two views were nearer than would ajipcar. 
Each admitted that there was a granitoid rock in th(‘ centre, with 
dioritic rocks on tlie Hanks, both igneous. Ton certain extent these 
conditions are similar to what is found in some jiaris of Scotland, 
where, associattid with gi-anitoid rocks, then' is a series of schists and 
gneiss, lie was disjiosc'd to incline towards [Mr. Hiithy's view, that 
there is a series of some kind, probably as in th(‘ Pehidian — a vol- 
canic st'ries — wheri^ jircssnre had ])ro(liic('(l schisiosity in Jiarts 
even of the intrusive rocks, but not in trie gn‘at masses. Dr. 
(’allaway speaks of a lelsitie. roe.k converti'd into mica-schist; from 
this view he was inclined to ditl'er, as some of tlie sjx'ciiiiens exhi- 
bited as C'jiiverted into mica-schists should be classed rather as 
schistose felsites, as tln^ fidsitic structure is not' desti'oyed, and the 
mica occurs as a secondary jiroduct along the cloavagc-jdaiies, mainly 
as the result of infiltration. The Arcluean rocks may he, in the 
main, of igneous origin, but they contain also det rilal and chemical 
deposits. 

Col. [Mc[Maiiox asked Dr. Callaway whether the foliation ^/jf a 
certain mass shown on one of the diagrams laid beem jiroduc d by 
intrusion, by jiressure previous to crmsolidation, or by jinjssure suh- 
sc({uent to consolidation, and, if suhseijucnt, how he accounted for 
the granite showing no foliation at all. 

Dr. Callaway expressed himself unable to exidain Mr. Kutloy’s 
diagrams, and 

Mr. Kittley stated that the section through the North Hill was 
hypothetical. 

The Pkesident commented on the different inferences drawn from 
the same set of facts. In the North Hill there are rocks not foliated 
and others greatly foliated. To Mr. Itutlcy this afforded the 
strongest proof of difTcroiice of origin, wdiilst Dr. Callaway saw 
gradual transitions from one to the other. The attempt to explain 
the formation of schists from volcanic rocks of an acid character 
had not been made before in this country. 

Mr. Rutley, in reply, was at a loss to recognize the position of 
Dr. Callaway’s section. He remarked that the foliation in these 
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rocks appears to be restricted to bands. He referred to a diagram 
in a recent publication b}’ Mr. Mellard Ileade, which proves that 
flexure cannot take place without great trituration of the inter- 
vening mass, and he considered that such a cause bad produced a 
certain amount of foliation. He commented on the opposite views 
expressed by Drs. Hicks and Callaway with reference to the 
alleged conversion of felsitic rocks into mica-schists. A case parallel 
to one of the instances of foliation mentioned by Dr. Callaway may 
be met with on the cat of Dartmoor. 

Dr. Callaway, in reply, congratulated himself on having had the 
support of Mr. Teall. llcplying to Dr. Hicks’s remarks, lie held that 
there was a true passage between felsite and mica-schist ; but this 
was a matter of field-obsert^ation, and could not be decided in that 
room. He did not see how a succession could bo made out of 
hypogcnc igneous rocks. How the localization of pressure was 
eflected he could not tell. There is a foliation, whether local or 
general. The section queried by Mr. liutley is half a mile north 
of the Wych. 
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36. On the Alleged Conversion of Crystalline Schists into 
Igneous Rocks in County Galway. By C. Callaway, Esq., 
D.Sc., E.G.S. (Read April 6, 1887.) 

Introduction. 

1. General Difltribution of the Igneous Rocks. 

2. The Relations of the Igneous Rocks to each other and to the Schists. 

Knockseefin, Ground south-east of Glcndalough, Lettershinna, 

Ground south of Glondalough. 

3. The Roliation of the Igneous Rocks. 

The Granite. The Dioritc. Veins of an Acidic Rock. 

4. Age of the Igneous Rocks. 

f). The Galway Gneiss. 

0. Summary. 

Introduction. 

The theory of the metamorphism of a(|iicou8 deposits into granite and 
other igneous rocks has been maintained l)y niost Irish geologists, 
and is set forth with mucli detail in the elaborate memoirs of the 
Irish Geological Survey ^ on tlie district lictween Galway and 
Westport. It therefore seemed to me, after some preliminary work 
in Donegal t, that the Connemara region would jHobably afford 
rich material for the determination of the question. In this 
hope 1 was not disappointed; but while working at the relations 
between the igneous and the meiamorphic rocks, another problem, 
the origin of the schists themselves, began to emerge. The result 
of my iruiuiries was a singular reversal of the theory I was exam- 
ining. I found, not that the igneous rocks had been formed out of 
schists, but that some, at least, of the schists had been formed out of 
igneous rocks. The Galway region has, indeed, been most fruitful 
in suggestion, and has supplied me with a clue to the origin of some 
of the less complex gneisses. 

I have to acknowledge my obligations to Prof. Bouncy, E.Il.S., 
who has been kind enough to look through my microscopic slides, 
and to give me his opinion on critical points. 

In discussing the origin of the igneous rocks, it will ho desirable 
to state briefly the evidence upon which the theory of the Irish 
Survey has been based. I will give the chief points, as far as 
possible, in the words of the Survey Memoirs i. 

Of the granite there are three types — Intrusive, Porphyritic, and 
Foliated. The porjihyritic ])asses into the porphyritio-foliatod, and 
the latter sometimes gradu^y loses its porphyritic character, and 
seems to jiass into gneiss and schists. It is inferred as probable that 
the foliation of the granite points to its original stratification and that 
even the porphyritic granite was originally part of a sedimentary 
scries ; but being nearest to the “ seat of metamorphic action,’ ' all 

To accompany sheets 93, 94, 9.5, 104, 105, 113, 114. 

t Quart. Journ. Geol. Soc. vol. xli. p. 221. 

I Memoirs 105 and 114, pp. 7-16 et alibi. 
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or nearly all traces of foliation which succeeded the stratification 
had been obliteratode 

In the “ nictamorphic sedimentary rocks ” are “ conglomeritie 
beds,” “ containing large and small blocks, sometimes sparingly 
scattered through tlie mass, but often thickly together.” When the 
blocks are scattered they arc considered to be due to a nodular 
structure in tlio original rock ; but when numerous, the rock is 
regarded as “ metamorjdiosed conglomeraki.” 

Of the nurm^rons varieticis of igneous rocks described in the Survey 
Memoirs, 1 shall usually ]»c aide to eonliiio myself to two, granite 
and diorito. The granite is either uniform in grain or ])oq)hyritic, 
and eith(T kind may l)e foliated. The diorite is generally a dark- 
green coarsely crystalline ro(^k without varietal dilbirenoes of 
importance. For iJi(^ purposes of this pa])cr, it will bo unnecessary 
to notice minute distinctions. 


1. (lENKUAL Disritl HUTTON OK THE IciXKOUS IloCKS. 

The granitt^ forms an evtemsive area reaching from the town of 
Clalwuy all idong the nortluTii side of (bilway Bay to the open 
Atlantic, and luoadoniiig out towards (ho west to a width of nearly 
20 miles. It also a])p(‘ars in irregular intrusions amongst the 
schistose rocks to tln.^ north of the main mass. The most prominent 
exposures of i\ui diorite are dotted at intervals round the northerly 
margin of the chief granite mass, (dther at a little distance from 
it or in actual contact with it. 

2, Till*: Behations ok thk Bjnkous Uocks 'lo KAcn otiiek and 
TO tut: Schists. 


This hill lies nearly \ miles to the south of Oughterard, and 
close to the margin of the chief granite-mass of the riJgion. This is 
stated ^ to be tlie ty])ical locality for witnessing the passage of 
graiiit(? into schist. 

The ground is covered Ixdwoon the granite and the gneiss of 
which the hill is ehietly composed. The latter rock is a mica- gneiss 
of coarse grain, but clearly banded, weatht'ring on strike -surfaces 
in fine parallel raised lines, '.riio foliation -planes strike to the N.W. 
Towards the summit, nodules of diorite, lenticular in horizontal 
section, made their appearance in the gneiss, their longer axes 
running with the strike. These are ajTparently the extremities of 
veins which have been llattenod by pressure. 

The diorite-nodules (veins) increase in number towards the top 
of the peak, and at the very summit the rock is nearly all diorite. 
Granite here comes in, irregularly penetrating the diorite. The 
latter displays a sort of nodular jointing, the joint-blocks running 
in a roughly linear manner to the N.W., while the granite in 

♦ Kinahan's ‘Geology of Ireland,’ p. 190. 
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places finds its way along the joints, forming a cementing matrix. 
The mixed rocks thus present a supeificial resemblance to a con- 
glomerate. It appears from this section that the diorite is intrusive 
in the gneiss, and the granite in tlie diorite. It would also seem 
as if the diorite had consolidated and acquired a jointed structure 
previous to the introduction of the granite. Tlow tliis ground affords 
evidence of a ])assago from granite into schist, 1 am unable to 
understand. 

Ground south-Cdst of (iliiKfaloiu/h, 

The singular phenomena T am about to des(*i-il)o occur at the 
eastern end of a long band of “ hornblende-rock,” wliich runs in an 
east and west direction for a mile and a lialf. We here see all tlio 
steps of the process by which igneous rooks have betm converted 
into a ])SCudo-congl(>Tnerate. 

The prevailing rock is diorite, with a, very distinct jointing. On 
the weathered surfaccis the material along the joints has yi('lded to 
•degrading intluences, so that the blocks beiv/ecai stand out in relit'f. 
These joint-blocks have a diamete r varying between a few inches 
and perhaps two feet. In H]ia])e they ar(‘ sometimes roughly oval or 
ovate, but frec|uenlly they aie ])arlia 1 l 3 ’ angular or subangiilar. 
t>orne of them arc rei>r(‘Sout(Hl in tigs. l-Jh 

There are in this locality several out (cropping masses, some of 
which consist of unbroken (liorite. Jn others, the following appear- 
ance is observed. Tor some yards, avo ])ass the jointed diorite; 
then we see a gradual coming in of tlie granite. Thin veins find 
their way along the joints, in one place coming to an end against a 
joint-block (fig. 1), and in ariollier, Avbcre the joints narrow, termi- 


Fig. 1 . — Section of Granite in Jointed Diorite* 



nating between adjacent blocks. Not far off we see veins creeping 
along each side of a block, but failing to force their way entirely 
round (fig. 2) ; while close at hand the granite has succeeded in 
entirel}’' isolating the blocks from the main mass, so that diorite is 
immersed in granite. It is therefore clear that these pseudo-con- 
glomerates are merely agglomerations of joint-blocks imbedded in a 
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ground-in ass of granite. For these mixtures of hypogene rocks, the 
term diglomerate ” * may be suggested. 

Fig. 2 . — Section of Granite in jointed Diorite. 



Letter sMnyia, 

Some interesting facts iii confirmation and exi)an8ion of the pre- 
ceding observations occur in this hill, which lies two and a hall miles 
south-west of the last localitj% and therefore much nearer the 
granite massif, Lettershinna is a ridge running cast and west in 
accordance with the strike of the region. It is mainly composed of 
granite ; but near and at the summit arc some masses and blocks of 
includedi diorite. 

On the north-western slope, I obsc’i vod an oblong block of diorite 
immersed in the granite. The fragment was about a yard long 
and eighteen inches broad (fig. t5). The microscope shows the 


Fig, 3. — Section of Diorite in foliated Granite, 



hornblende of this diorite to be clear and well crystallized; but 
the felspar is cloudy, and has apparently undergone partial decom- 
position. At the distance of about a foot was a smaller block of a 
roughly ovoid shape. That these are true inclusions, and not cross 
sections of veins, may be seen a little higher up the hill. Here a 
block of diorite is exposed in the face of a cliff, the foliation of the 
granite curving round the block both above and below it. 

Hear the summit of the hill the diorite occurs in larger masses. 
Some of these are fringed by one or more outlying bands arranged 
roughly parallel to the margin. In one place there were three of 

* di-/' because the blocks are forced asunder. 
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these (fig. 4) ; in another, only one. Sometimes they are mere flakes. 
They are isolated from the main masses and from each other by 
granite. It would appear as if they were separated from the parent 
blocks by exfoliation. As the granite rose up between the blocks, 

Fig. 4 . — Section of Diorite (^exfoliated) in Granite, 





•/a 








they would become strongly heated, and the outer zones, being 
hottest, would by their greater expansion split away concentrically. 
That the exfoliated fragments retain their parallelism to the adjacent 
margin of the main masses is a remarkable fact, to which 1 shall 
return. 

Grouiul south of Glendaloxigh, 

Leaving the hotel in a southerly direction, we pass over crystalline 
limestone, quartzite, and a considerable thickness of hornblende- 
schist. A little further south lies a largo mass of rock, chiefly 
hornblendic, which is said to “ graduate into the associated gneiss 
and schist’’ *. Near where “ ^ ” is marked on the map, tliero is a 
singular entanglement of schist with granitt) and diorite. The 
rocks are heavily glaciated, so that it was imj)0S8ible to obtain largo 
specimens ; but even the small fragments collected clearly show that 
there is no passage between the schists and the igneous rocks. The 
schists are intensely contorted and much shattered, and tlie granite 
or the diorite sometimes finds its way even b(i tween adjacent folia, 
and is mixed up with the schists in inextricable confusion. Several 
contact-specimens have been microscopically examined, and Prof. 
Ilonney, at my request, has devoted special attention to them. Ho 
thinks there is no doubt that they are a case of intrusion of granite 
into a fibrolite-schist ; but the structure of the granite is irregular 
and peculiar, owing probably to its contact with the schist. 

It is a striking fact that, in this locality, detached folia, or bundles 
of folia, frequently preserve an approximate parallelism to the 
foliation of the adjacent schists. This might ai)x.)ear to be a strong 
jhece of evidence in favour of the metamorphic hypothesis. It is 
not easy to believe that an igneous rock could have been intruded 
amongst masses and fragments of schist without destroying the 
parallelism of strike. I would, however, venture to urge that the 


* Survey Memoir, 93, 94, p. 139. 



3. The Foliation of the Fonkous Hocks. 

The Follalion of ihe Oranite. 

The foliated structure is well seen in the district south of Glcn- 
dalorif^li. Jn one s])ot, the ^raniio runs into the diorito in lonpj 
toiijxues strildiiji: (^ast and w(‘st, that is, in coincidence with the 
strike of the schists in this area, and here the foliation of the 
granite is also oast and wi'st, and is strongly marked. Jhit whore 
the veins were obli<iue to the strike of the region, the foliation was 
ohli()iio and obscure. In aiiollier ])lace, where the veins ran north 
and south, they were intensely contorted. Those facts point clearly 
to the inlliieiico of an earth- thrust acting along a north and south 
line. 

Foliulion in the Diorite. 

I noticed this on Knockseefin, in veins intrusive in schist. The 
foliated structure is parallel to the longer axes of the transverse 
sections of the veins and to the strike of the schists. It is 
obviously due to pressure. Prof. Boniiey has examined slides of 
this squeezed diorite, and he finds no difference between it and 
hornblende-schist. 

Foliation in Veins of an Acidic Eocl\ 

Near the summit of Shaunarea appear several veins, lenticular in 
plan, which are not easy to explain. They consist of quartz, with 
a little mica, probably biotite, and a fair number of garnets. The 
foliation is very distinct, and coincides with the foliation of the 
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enclosing schists. Most of the mica is in long, narrow, ragged flakes, 
almost like bits of frayed string, and suggests great compression. 
The rock is now a sort of quartz-schist. What it was originally, it 
is hard to say ; but I see no reason why it may not have been a 
hornblendic granite, like the granite of the district. 

4. Age of the Igneous Itocics. 

The Silurian conglomerates of Killary Harbour aro mainly com- 
posed of large rounded fragments of igneous and metamori>hic rocks. 
Amongst these is a coarse-grained gi*anit(% with a great deal of 
plagioclasc and a little altered biotite. The constitiumts of this 
rock are the same as those of the ty])ical (lahvay granite, but the 
felspars arc smaller. Pebbles of (piartz-lelsifo arc also abundant. 
The ground-mass of this fclsite is devitritnul, the ([uartz-erystaLs aro 
largo and clear, and there is a small ])ro])f)rtion of biotite. This 
description ivill also apply gcaierally to the ordinary qnartz-felsito 
near (Jalway. The conglonierat('s clearly ])rovc that in early 
Silurian times the adjoining land largely consisted of igneous rocks, 
closely resembling tbos(‘ still found in lh(^ n'gion, and wo may there- 
fore fairly conclude that the granite and fi‘lsit(', with the still older 
dioritc, are of Pre-Silurian ag( . Tho metainorihic schists enclos- 
ing the intrusive masses and veins are, of course, of still greater 
antiquity, 

5, The (Ialway (iniuss. 

This rock forms a triangular area about t\yo iniUvsoach way, wdlb 
the town of (lalway situat('d in the c(uitr(‘. It is bounded on the 
west by granite and fclsite, on the nortli-oast by the (Jar])()niferous 
limestone, and on the south by (oil way Pay. It is usually coars(']y 
crystalline. The common minerals are <]uartz, lV‘l,s])ar, aud liorn- 
blcnde, Avith ejadoto as acc(‘Ssor5\ TIk^ «juartz and f(dsjrir form tbo 
ground-mass. ImuK'rsed in it are nuiiK'ious dai k, sjaxtlvled blocks, 
suggesting the diorite fragments in the granite further w(-‘st. These 
block-like masses are often arranged in a roughly lintuir manner, 
but frequoiitly they are irr(‘gularly distributed. Hornblende also 
occurs in bands or masses, displaying a foliated structure. In the 
latter case, the rock is likr' true gneiss, lltirely could J find con- 
tinuous seams of the bornbh jide. A flaky a])pearance sometimes 
occurs on rather a large scale, long slender tongues running out 
irregularly from patches of foliated hornblende into the grey grani- 
toid ground-mass. 

There is no true bedding in the Galway gneiss, so far as I saw ; 
but the scams and masses of hornblendic rock usually lay wuth their 
longer axes dipping at a high angle to the N.N.W. Comparing 
this gneiss with the diglomerutes already described, a similarity of 
origin is at once suggested, the apparent dip being accounted for by 
tangential pressure. As this was the first district I visited in Con- 
naught, the significance of the phenomena did not then appear, 
and my work proceeded on other lines ; but the hints afforded by the 
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behaviour of the igneous rocks of the region further west have since 
been worked out in the Malvern Hills, as will appear in a separate 
communication . 

6. SUMMAKY. 

1 . There is no satisfactory evidence for the contention that the 
igneous rocks of Western (Connaught have resulted from the meta- 
inori)hism of schists, since in every locality examined, including the 
typo section, the igneous rocks were seen to be sharply separable 
from the schists and clearly intrusive in them. 

2. The “ mctamorphos(id conglomerates adduced in proof of the 
original sedimentary character of the Gahviiy schists are mixtures 
of schist, diorite, and granite, or of two of them, the ground-mass 
being usually granite. 

J3. There is no proof that the foliation of the igneous rocks follows 
an original structure. In the granite it is chiefly due to regional 
pressure. Fragments of diorite in granite are not foliated, but 
veins of diorite in schist sometimes dis])lay a foliation caused by 
pressure. 

4. The ancient gneissic rocks of Galway town display evidence of 
having been formed in part from mixtures of diorite and granite, 
similar to the more modern diglomcrates. 

(For the Discussion on this paper, sec p. 514.) 
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a^7. a Preliminary Inquiry into the Genesis of the Crystalline 
Schists of the Malvern Hills. By Cii. Callaavay, Esq., D.Sc., 
F.G.S. (Read April G, lvS87.) 

Introduction. 

1. The Materials froin which the 8chist.s were produced. 

Diorite.s, Several Varieties; Granite; Felsito. 

2. Evidence ol‘ Pressure. 

Cunt onion of Granite-veins. 

3. The Products of the Metainorphism. 

A. Sini]>le Schists. 

llorublende-^iieiss, Mica-gneiss, Mica-schists. 

P. Jnjeetion-Sclnsts. 

Diqdex Diorit e-gneiss, Granite-diorite-gneiss. 

4. General Keinarks. 

5. Suininary. 

Introduction. 

The igneous origin of some foliated rocks was firsts suggested to 
me by ilie grtinite of Northern Donegal^', d'ho E. Hill, 

F.G.S., had pr(‘viou.sly noticed t a gneissie structure in tlie granite 
of Guernsey. Mr. J. J. Harris Teall, F,(J.S.,has described foliation 
in basic rocks in tlic North-western Highlands. ^ and at th(^ Li/.ard§, 
Schistosity in granitoid rocks htis tilso been observed in the Alps 
by Professor Bonneyl;, F.ll.S. Besides English workers, several 
foreign writers, botli American and Continental, have declared in 
ftivour of an igneous origin for cortaiu schists, so that the jiroduc- 
tion of a iiartillcl atriicturt; in igneous rocks may fairly be regarded 
tis an established fact. 

The work wliiidi I have described in another paper (p. 517) led me 
to hope that v>'o might ho able to Jidvaiicc a stop further. The intru- 
sion of veins of gtiinite in diorite, under pressure, suggested that at 
great de])ths, where j)r(‘ssurcs were at a maximum and chemical 
processes might ho iirosumod to he most actm*, gnoissic rocks of a 
more varied character might ho produced. At the town of (hilway 
T had seen gneisses which might have been produced in this way ; 
but the crystalliiu' schists of the 3Ialv(;rn Hills have furnished clear 
evidence of the gcaicsis of some of the more comy)lex gneisses, be- 
sides throwing additional light upon the ]>roduction of th(^ simpler 
schists. I am able to show that many of the schistose rocks of 
Malvern have an igneous origin, and 1 hope that the clues 1 have 
obtained will enable me in a future communication to extend my 
explanations to certain varieties whose genesis is at present less 
clearly ascertained. 

* QuJirt. Journ. Geol. Soe. vol. xli. p. 221. 
t Ihid. Tol. il. p. 404. 

i JInd. vul. xli, p. 133. 

Geol. Mag., Nov. 1880, p. 481. 
jj Quart. Journ. Geol. 8uc. Pres, Address, 1880. 

Q.J.G.S. No. 171. 
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1. The Matekials from which the Schists were pkoditceb. 

Diorites. 

I have been able to recognize at least four varieties of diorito in 
the vsehists thus formed. 

MeAlima-hlavIc (No. 1). — This rock contains about equal pro- 
portions of h()rn})len(lc and fol8j>ar, and in the mass apj)cars nearly 
black. The felspar, under the microscope, often presents a cloudy 
apj)carancc, and c^ontains numerous clear microliths, both conditions 
indicating alteratioji. Whem the alteralion is only slight, the 
twinning of plagioclasc is visible, but this occurs only in a minority 
of th(5 crystals. 

(Joarsc-hlach' (No. 2). — The hornblende is often in a greater x>i*o- 
portion than in No. I. The crystals of both minerals are larger. 
The felspars dis])lay similar alteration. 

CoarHe-fjrcij (No. 3 ). — ^fho lunn blende is usually about one fourth 
of the mass. Most of the felspar is less changed, and shows the 
Btri])ing of jdagioelase. 

MedhuK-f/rey (No. 4). — The hornblende is abundant, but pale in 
colour. The fcls])ars disjday no twinning, arc cloudy, wutli large 
patches of opa(;it(^ in the centre, and frequeiilly contain microliths. 
This variety will l)e but slightly referred to in tluj prt'sent pa])er. 

I am not prepared to say that none of these varieties ever graduate 
into (iaeh other, ])ut 1 have seen no (widen ce of a ])assage in any case. 
No. 4 is the newest, for vc'ins of it occur in No. ; and No. 2 is 
probably newer than Nos. I and 2, since at North ^Malvern it con- 
tains rounded and angular fragments of both. Tlu^ occurrence of 
ih(^se fragimuits would stiom to indicate a consolidation ])rovious 
to the intrusion of the younger varifdy, and this is eonfirnied by 
sections in the quarries at North Malvern. A mass of No. 2 was 
seen to be ])enet rated by a variety of a lighter colour. Tiic vein 
pjiss(‘d between irregularly sliaped joint-blocks, and contain(*d de- 
tached pieces of the darker kind. In another mass, a line- 
grained diorite was intrusive in a coarser variety, and in like 
manner enclosed largo blocks of the older rock. In this respect 
the mode of intrusion is similar to that of the granite in diorite, 
as described in my ])a])er on the rocks of Galway. I have noticed, 
however, that in ilalvern, as well as the town of Galway, there was 
a more thorough welding together of the two kinds of rock at. 
tlieir junctions tluiii was observable in the rre-Silurian granite 
and diorite of Connemara. 


Granite. 

1 have no positive evidence of the existence of more than one 
variety of original granite in the Malvern Hills. This is the well- 
known binary coiii])ound of quartz and red orthoclase. 

This granite is younger than all the above-named diorites. By 
its association with them it gives rise to some of the most interest- 
ing phenomena of the region. 
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Felsite. 

Near the Wind’s Point, there is a woll-marked band of folsitc 
hading in accordance with the banding of the enclosing gneiss. 
It is compact, homogeneous, and of a pale-reddish colour. A 
similar rock occurs in the llaggedstone Hill, and hy its moditica- 
tion gives rise to schists. 

2 . Evidence of Pressure. 

Zones of crushing, indicated by bands of breccia, are very common 
in the district ; but some of those arc posterior to the met a morphism 
and do not concern ns. Some direct evidence of mechanical force, 
resulting in schist osity, Avill come out in describing the intimate 
structure of certain rocks ; but it is obviously diflicult to obtain 
very abundant indications amongst igneous masses, whore tliero aro 
no beds to bo contorted and lanltod. Then; is reason to believe 
that the prevssure is partly transformed into molecular energy, and 
thus cluinges are hroiight aluuit which often mtisk inechiinical effects. 
There is, howawer, some field-evidence for the action of enormous 
pressures. A good exami>h^ is semi in a. (piarry of gnidss at the 
Houthern terininatiou of Key's End Hill. The foliation-dip is 
at a moflerate angle to the south-east. The rock is trjiversed hy 
contorted veins of granite, running in several din'd ions. One of 
these is shown in tig. 1, and gives a rough measur(^ of the pressure. 


Fig. 1. — Contorted Cranife-vi’in in (//#chs\s*. 

SW. N.R 



Assuming the vein originally to have been straight, its length has 
been reduced in the proportion of about five to two. 

The regional pressure has acted i^ ith intensity only at intciTals 
along the range. In the North Hill and the northern part of the 
Worcestershire Beacon there are large masses of diorite which have 
undergone little mechanical change ; hut between the summit of 
eBeacon and the W'yeh there are numerous alternations of diorite 
and granite displaying foliation. The long ridge between the 
Wych and the Wind's Point contains a great deal of black diorite 
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with granite-veinB; Wt and especialfy at the southern 

end, a banded structure has been produced. The northern part of 
Swinyard’s Hill is composed of massive granite, while at the 
Bontbern end is a baggy gneiss, which has been produced from the 
granite by pressure. Other examples of the localization of pressure 
occur in the hills further south. 


3. The Proditcts of the Metamokphtsm. 

A. Simple Schists, or those I f rom one hind of rode, 

llomhlmde-(jndss, formed from JJiorite. — Tu this case the pres- 
sure has rearranged the constituent minerals, so that the horn- 
blende and felspar lie in irregular folia. Phe^re ans many grada- 
tions between the ordinary diorite and a gneiss in which there has 
been some reconstitution of the minerals, the formation of quartz 
being the most conspicuous result. The coarse-black diorite, at 
North Malvern, is one variety which has been modified into gneiss. 
For about t wo thirds of the breadth, the intrusion of the vein was 
clearly seen ; then, for a few inches, th(5 two kinds of diorite were 
confusedly mingled. The remainder of the breadth, consisting only 
of the coarser diorite, was rudely foliated. 

Mica-(jneiss^ formed from Granite , — Near the southern end of 
Swinyard’s Hill, on the crest of the ridge, is a very iuteroBting 
case of the formation of gneiss by crushing. A narrow band, 
striking ncu’oss tlu^ axis, has the appcuiranec of the ordinary binary 
granite ; but a laminated structure is very a]>pareiit even in the 
li(dd. In immediate^ contact, forming part of the same mass, the 
rock is flaggy, and seams of mica ajqjoar. Tlien comes a break, but 
flaggy schists of the same g<‘neral type a])pcar in force a few 
hundred yards to the north. A description of microscopic slides 
will bring out the transition indicated. 

No. 2^1, This was taken as a tyjucal specimen of the granite 
which is seen in mass at the norilierii ])art of the hill. It is the 
ordinary compound of orthoelase and quartz, with a little mica. 
Most of the felspar is sufliist'd ’^^'ilh a brownish tinge, probably iron- 
oxide, and presents a cloudy' aj)pearanco. Miiiiy of the crystals 
also contain ]Kitche8 or microliths of clear mica, polarizing in 
brilliant colours. The fcls])ar has therefore undergouc partial 
decomposition. That this granite contains iron would appear from 
the analy^sis of the Kev. J. H. Timins*. He states that the 
“ quartzo-felspathic ’’ veins, which are almost cerh inly the granite 
I am discussing, furnished in three a nah'ses iron-oxide varying 
between *1)2 and 1*52 per cent. Both quartz and fe^sjmr are some- 
what cracked, and iron-oxide is deposited in the cracks. 

Nos. 282-284. — From the locality at the southern end of the hill. 

No. 282. From a part of the laminated granite %rhich appears 
more granitoid lb an the rest. The rock is excessively cracked and 
crushed, the cracks, which run in all directions, but predominantly 
* Quart. Joum. Geoi. Soc. vol. xxiii. p. 362. 
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with the parallel structure, being filled with cither iron-oxide or 
mica. The quartz lies in wedges rather than folia. They aro 
approximately parallel, roughly lenticular in section, and rarely 
continuous across the slide. Sometimes lines of quartz-grains curve 
round the felspars. In one part of the field an angular bit of 
quartz is immersed in a confused mass of quartz and felspar in 
granules. Tlio parallelism of the quartz seems at some points to bo 
determined by cracks, which arc occujned by infilt rated products. 

The felspar has the broAvn cloudiness of the uncrushed granite. 
It is very much cracked, and wliore crystals are defined tlioy are 
rather ilatteued, and often tail out to a point on (^a(;h side, so as to 
resemble a human eye in shape. Some of the f(ds]>ar, forming bands 
of small crystalline grains between the quartz folia, is very dirty. 

Mica is very small in (piantitv. It occurs in some of the narrow 
cracks in (piartz, and in some of the felspar, and randy it forms a 
sort of sheath to the attenuated ends of the (‘ye-sluq)ed crystals. 

1^0. 2Sik From tin* same ])iece as tho last, within a tow inches 
of it, but showing sncli clear lamination that it craiiglit my eye 
at a distance. Under the microscope it is much mon' likt^ a gneiss. 
The field is clearer, and there is much less cracking of t he minends. 
Tho folia of (piartz arc longin’, thinner, and more uniform in 
thickness. In a finv ])arts the ({uartz is travers(‘(l l)y longitudinal 
cracks, but their mode of origin is h‘ss evident . ^Lost of thti fedspar 
is in regular folia of small crystalline grains, but^ th(*re still remain 
a few of the larger fidspars with rounded and irrc'gular oiitliiujs. 
Some distinct folia of mica now make thoir appearance amongst 
tho felspar, but the (juantity is still small. TIutc has ovidontly 
been much reconstruction of tho minerals in this slide. 

No. 284. Part of the same block, but with the llaggy structure, 
and showing in tlu^ fudd dark seams of mica. TIk^ (piartz-folia aro 
still longer than in No. 2S;i and more regular in thickness. In 
some spots a thin folium bends out of its course round a crystjd of 
felspar. Tho felsjiar is similar to the last. Scaims of small granules 
of this mineral also are seen to curve out of the straight line round 
large crystals. Tho notable difterimce between this and all tho 
preceding slides is in the much greater proportion of mica. It 
often occurs in regular folia between the (|uartz. Sometimes it forms 
a complete sheath to an eye-shaped fels])ar-(Tystal. In one ])lace a 
felspar has been cracked oldiquely across, and the cra(dc is filled in 
with mica. Thus each half of tho crystal forms an almond-shaped 
“ eye,” with its fringe of mica. There can lx; no (jui^stion that this 
mica, which is the same in all the set of slides, has been formed 
out of tho felspar. 

No. 285. From the flaggy schists to the north of tlie last. The 
structure of tlic rock strongly suggests a similar origin. There is 
more quartz, which here and there looks as if the lines separating 
its folia had originally been cracks. Several cracks also cut across 
the foliation, and these are filled in with mineral matter, which in 
one spot is seen to be optically continuous with a regular folium. 
At another point an elongated granule of quartz, forming part of 
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a folium, passes across a transverse crack which therefore must 
bo older than the folium, and presumably older than the general 
foliation in its coinpletod state. Where a transverse crack passes 
through (juartz, it sometimes vanishes for a little distance, 
reappearing further on, so that it is clear that the sides of the crack 
have come together and become welded. The occurrence of these 
transverse cracks, and their evident connexion with the process of 
metamorphism, is a piece of evidence which tends strongly to 
confirm the suggestions made by the structure of the folia. 

formed from Fehite. — A very interesting section 
(fig. 2)^ about. 30 feet in length, is seen in the slope at the end of the 


Fig. 2, — Pdiimtfe of Fehite into Schist, 



soutliHaistern s])ur of the J\agg(‘dstone Hill. Taken in descending 
order, tlu^ following are the rocks observed : — 

1. Tale-reddisli felsite, so jointed and crushed that it was difficult 
to obtain a i)iece lai'ge enoiigli for a microsco})ic slide, and the 
8])ecimen sele<*t(Ml broke into fragments in grinding. Tliis I’oek 
forms a biind, striking aei*oss the ridge in concordance with the 
foliation of the underlying scliists. Under tlie microsco].)e the rock 
is seen to be entirely devitritied, and the microcrystallino structure 
of a typical felsilt* is Vi-ry apparent. Even minute fragments, 
which have remained entire' in grinding, are brecciuted. The cracks 
are usually marked by iron-oxide, and, occasionally, when wider 
than usual, are filled by quartz or by mica. 'J'hero is a rough 
parallelism in the stnudure, and this incipient foliation is some- 
times aecentuated by a little mica. 

2. A few feet below the last, and 8e])arated from it by soil. 
The rock is still lelsitc, much sounder under the hammer than 
No. 1. Microscopically examined, the field is seen to be clearer, 
the parallel structure is more distinct, and there is a larger pro- 
portion of mica. This rock has evidently boon porphyritic, for 
there are several deformed masses of quartz ou the slide. One of 
these is eye-shaped, and tails out at each end in a stream of minute 
granules. 
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3. About 15 feet of schistose rock, forming a band below No. 2, 
but continuous with it. Some of it is hardly distinguishable from 
the rock above, but the laminated structure is more evident. lu 
other seams the foliated appearance is more marked, and a complete 
gradation can bo traced between the modified felsito and a true 
schist. The change is seen even on the ground in the increasing 
distinctness of the lamination proceeding pari pnsi^ii with tho 
growing thickness of the films of mica on the planes of fissilitv. 
These indications are entirely confirmed by the microscope. The 
following gradation is seen in three specimens taken from tho same 
band, within a yard or so from each other. 

No. 294. rdsitic appearance in hand specimens, but slightly 
laminated. Under t he microscope the j>aralh4 structure is seen to be 
due to intermittent folia of a green mica, in irregular bundlOvS of 
fibres and sometimes dirty. Tliis part of tlio rock tilso must havo 
been a porphyry, for the slide shows several i^ye-shaped lUiisses of 
crushed (juartz which have caused the folia of mica to curve out of 
their course, forming, as it Avore, eyebrows to the (piartz, both above 
and below, just as in Iho crushed granite described above* (j). 529). 
Home parts of the slide dis])lay' the felsitic striictiin*, as above ; but 
whore the mica is most abundant the granules of Ihe grouiul-mass 
are often of largefr size and polarize in bright colours. Mineral 
(lilforoiitiation would thus a]>pear to havo proceenled a stugo further. 

No. 295. The cliango in the felsito is more advanced. Tho rock 
chietly consists of elongatcMl granules of quartz arranged in a liriear 
inaurier, with mica lying between them in niieroliths, so jis somo- 
times to form a part ial sheath. Horae of this mica is transparent, 
polarizing in bright colours. Patches of tho saim; mica and some 
felspar are also j)r(^sent. Distinct seams of mica, juid fels])ar, ijarallel 
to the longer axes of tlic quartz-grains, accentuate tho foliation. 

No. 29() is generally similar to the last. In about the middle of 
the slide is a very quartzose seam, in which tho grains are much 
Larger than in the previous sj)ecimens. It is not a vein, ])ut a true 
folium, parallel to the rest. It passes by tlie gradual introduction 
of mica into a broad, very micaceous hand, which graduat(;s in- 
sensibly into a zone displaying a structure strongly suggestive of iho 
micro-felsite, but a few microliths of clear mica are ])reseiit. Home 
parts of tho hand-specimen also have a very felsitic look under tho 
lens. 

No. 299 is from one of the several narrow mica(;cous hands inter- 
laminated with tho more quartzose schist. It is an indubitable 
mica-schist. The mica is the white variety. It forms about half 
the mass, a great part of it being in distinct folia, which sometimes 
\indulate. Home of the (piartz has the same ap])oaranc() as in Nos. 
295, 296, the granules being more or less sheathed with mica. A 
few lenticular “ eyes” of quartz are rather suggestive of the crushing 
of a porphyry ; but on this 1 do not sjieak decisively. I am quite 
satisfied, from a very careful study on the ground, that these 
micaceous seams cannot be regarded as foreign fragments of schist 
entangled in the crushed felsite. 
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These modified felsitcs, now schists, form a low vertical cliff, 30 
or 40 yards long, in which the rock is continuously exposed. I 
worked along the strike to the w’estern end and found similar 
schists, some of them highly quartzose, passing occasionally into a 
material like a quartzite, and into felsitic rock like the first named. 
The difl’orent varieties w ere not alw^ays iiiti'ibanded, but often passed 
into each other with some irregularity. That they all belong to the 
same mass 1 have no donljt. The ra])id variations in the motamor- 
phism agrees with tlie sudden changes noticed in tlio crushed granite. 
A sj)ecimen of one of the (piartzose varieties, almost like a quartzite, 
was examined microscopically. In structure it is intermediate 
between a quartzite and a quartz-schist. There is very little orien- 
tation in the (piartz, whieli is frequently in large granules. Mica is 
in small jiroporthui. Much of it is in clear microliths, which 
occasionally form a partial sheath to the (piartz-granules, as in the 
other schists of tin? locality, but. more frequently tho}^ have a rough 
oriel it.ation in one direction ; occasionally they accumulate into 
imperfect folia. Parallel with this foliation are several cracks, 
which are more or less filled in with mica and iron-oxide. Some, if 
not most, of the mica in the cracks is the same wliitc variety which 
prevails throughout, the slide. This parallel cracking, coincident 
with the foliation, is another interesting analogy between this schist 
and ilie crushed granite, and is of course suggestive of similarity of 
causation. 


11. Lijeclion-Schisis, or ihone in tvJiich the BanJed Structure is 
due to the 1*<( raUAis^u of Intrusive TTeins, 

Two v{iri('tics of this rock are here described. 

Jhtj.dex Diurite-ijneiss, formed from veins of Diorite in Diorite , — 
This fine-handled rock is common in one of the quarries at North 
Malvern. Parallel seams of grey granitoid dioritie (No. 3) are 
enclosed in a black variety (])robal>ly No. 1). The diflerences 
between the ordinary diorites and their gneissic representatives cer- 
tainly do not militate against my theory of the origin of the latter. 
The following points may he noted : — 

111 the massive black diorite there is some epidote and chlorite and 
a little green biotite, but in the gneiss there is a much larger pro- 
portion of biotite, and most of it has a definite orientation parallel 
to the direction of the adjacent vein. Some lueinatite also, which 
is in lath-shaped forms, is similarly orientated. The felspar of the 
ordinary diorite is cloudy, rarely showing plagioclaso-twinning, and 
contains numerous clear microliths. In the gneiss the felspar of 
this diorite is rather clearer and sometimes displays striping. 
Comparing the unfoliated grey diorite with the grey variety in the 
gneiss, there is no material difibrence observable. The crystalli- 
zation of the latter is larger, hut in both cases the felspar is pre- 
dominantly plagioclastic, and the proportions of hornblende, biotite, 
epidote, and quartz are about the same. 

Owing to the want of continuous sections, I was unable to trace 
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an actual passage between the massive and the foliated dioriles ; but 
if the foiTuer were diorites, so were the latter, and I submit that 
there is nothing in the parallelism of the vcining inconsistent with 
the theory of an igneous origin. Eut the description of the next 
variety of gneiss will throw additional light upon this (|iiestion. 

Granite-diorite-gm iiis^ formed from veins of iHranitc in Diorile . — 
This is the most cons])iciious gneiss in the ]\Ialvern Hills. The 
gneiss itself and the rooks out of which it is oonstructial constitute 
about one half of the ent ire mass of the range. Tiio diorite is black 
and of medium grain (T*so. 1). Tnc product ion of the banded struc- 
ture is well seen in the long ridge extduling b(‘twe(‘n the Wych and 
the Wind’s Point. At the western ejuarry on the south side of tho 
Wych there is a mass of the diorite with granite veins. It a])]>ears 
to pass into tho gneiss of which tlu; section childly consists, but 
junctions arc obscured by debris. Similar rocks, in which there is 
the like association of massive and foliated mixtures of the diorite 
and tlui granite, are seen at interv.als along 11u‘ crest of the ridge to 
the south. At the top of the third summit the relations of tho 
rocks arc well seen. At one spot the gra?utc is intrusive in tho 
ordinary irregular veins, but it passes ratlier abruptly on the north 
into a rock in which the veins strike in a dedinite directicni to tho 
north-west, ])roducing the handl'd struct ui'o of a gnclsK. This rock 
is also well exposed about tho Wind’s Point,. 

Tho granite-seams in the gneiss vary considerably in thickness. 
Hoinetiraes they are continuous for yards, but freiim'utly they are 
lenticular in section. They often beliavii like veins in their ra])id 
attenuation and in their branching habit. Tlieir i)arallelisrn is by 
no means uniform, as they sometimes i)ass oldiipudy across tho inter- 
banded diorite. Corii])ariijg microscopic spcicimens of this gneiss 
with slides from the unfoliatod vein-structures in tho Wych (piarry, 
I do not hesitate to say that it would ' be impossible to detonnino 
which was gntdss and which was veiu-stnuduri^. In )>oth cases 
there is some epidoie and chlorite produced in the diorite at tho 
junction of the granite, and for a little distance from it, while tiie 
granite is slightly craidcod. 

This banded gru'iss is, then, a binary mixture of igneous rocks, in 
which regional pressure has produced a i)arallelism of the granite- 
veins. 

4. General Hemauks. 

As this pa])er is strictly introductoiy, the evidence offered is in- 
complete ; but it will perhaps suffice to prove that some of the 
Malvern schists are produced out of igneous rocks, and to create a 
presumption in favour of a similar origin for other varieties. 

In the formation of some of the schists, the chemical and mineral 
changes have been very great ; but into this division of my subject I 
have barely entered in the present communication. 

Association of the Gneissic llf}cl’s with tlvc Jfjneom masses . — It is 
generally true that particular varieties of gneiss and schist occur in 
the vicinity of the igneous masses to which they arc respectively 
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most nearly related in mineral composition. A few examples are 
here given. 

In the North Hill wo have largo masses of several kinds of diorite 
penetrating each other in veins, and it is in this locality that we 
find the diorite-gneisses, simple and duplex. 

North of the Wycvh the above-named diorites are intermixed with 
granite, and here we have a variety of gneissic rocks of more com- 
plex structure. 

Between theWycli and Swinyard’s Hill there is little besides black 
diorite and granite, and here W'o chielly find the banded granite- 
diorite-gneiss. 

Swinyard’s Hill consists largely of granite, and it is in this ridge 
that the flaggy quartzo-felspathic schists occur. 

In Midsummer Hill there are masses of coarse diorite, and the 
gjieissic rocks in association with them are certainly more allied in 
mineral composition with this diorite than with aii}^ other igneous 
rock of the region. 

Huggedstone Hill contains schists widely differing from any of 
the above, and licn^ tlio associated igneous rocks are fblsite. 

These associations cannot be due to accident, and even if no direct 
])roof of actual conversion could be offenHl, they would be of weight 
in the argument. 

ylbsciur of StratiJImtion. — Except^ perhaps in the llaggedstone 
Hill, 1 could detect no true bedding in the crystallines of the 
Malvern Hills, The zones of igneous and foliated rock, though 
they have a predominantly north-west strike, heli.avo more like veins 
than strata. Where a sulKcicntly large surfaces is exj>osed in plan, 
we find the hands, whether massive or sc'liistose, rapidly thin out. 
For (^xanlpl(‘, on the crest of the ridge about lialf a mile north of the 
Wycli the attenuation is usually from east to wc'st. Fig. 3 shows a 
part of one of the exjaisiires ki this locality. 

Affe of the llocle , — 1 see no r(*ason to doulit the received views as 
to the age of tlu* gnaiter ])art of these rocks. At tlie south-western 
extremity of the .llaggedstone Hill, the Holly] »usb Sandstone rests 
at a low angle u]K)ii the edg(\s of nearly vertical schists. The old 
rocks of the Salopian district afford confirmatory^ evidence. The 
Uriconiaii conglomerate of (diarlton Hill contains several varieties of 
plutonic rocks, most of wliich can he matched in the Malverns, and 
these Uriconians are themselves older than the Longmynd series t. 
It is possible that the felsites and the schists formed from them are 
of a younger ejioeh. 

Period of Metamorpliism. — The most effective pressures may have 
acted at more tliaii one jicriod ; but there is no doubt that the meta- 
morphism was substantially complete before Cambrian times, since 
it is incredible that a force producing a strike transverse to the 
ridge could have acted without dislocating the strike of the flanking 
Cambrian and Silurian strata. 

* After further research I think it no longer neeesstiry to make oven this 
slight reservation. — C. C., July 20th. 

t Quart. Joum. Geol. Soc. toI. xlii. p. 481. 
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Schistositi/, whether 2^rodiiced before or after Consolidation , — ^The 
evidence I have submitted points towards the latter alternative. In 
some of the diorites of the North Hill we have seen that the in- 
trusive veins passed along planes of jointing and contained fragments 
of the enclosing rock, as in Galway. Then, too, the schists formed 
from the granite and tlie felsitc are the effect of crushing. I prefer, 
however, to i)ostpone the more adetjuate discussion of this question. 


Fig. 3 . — Plan of Veiu-stnictxire in Schistose PoeJes. 



A. Coarse granitoid rock with biotite. 

B. Bands composed f granite-veins, with scams of’ dark mica and of coarse 

rock (A) foliatec . 

C. A vein inacrosco] ically like a fine-grained diorite. Under the microscope it 

is seen to consisi of hornblende, two micas, e])idote, and quartz, and has a 
rude foliation ir a specimen taken at the margin. 

D. Black schist, chiefly mica, penetrated by small granite-veins. 


5. SUMMARV. 

1 . Man}’ of the gncissic and schistose rocks of the Malvern Hills 
were formed out of igneous masses and veins. Amongst the materials 
which underwent the metamorphism were several varieties of diorite, 
a granite, and a felsite. 

2. The parallel structure has been caused by regional pressure. 
This conclusion is proved by the intense contortion of granite-veins, 
and by the mechanical effects recognized in the rocks under the 
microscope. 

3. The products of the metamorphism are divided into (1) Simple 
and (2) Injection-schists, the former elaborated out of one kind of 
rock, the latter out of at least two kinds, one being intrusive in the 
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other. The Simple Schists described are hornblende-gneiss, formed 
from dioritc, mica* gneiss from granite, and mica-schist from felsite. 
The Injection-schists noticed were duidex diorito-gneiss, composed 
of veins of dioritc in diorite, and granite-diorite-gueiss, of veins of 
granite in diorite. 

In conclusion it was observed that : — 

(1) Particular varieties of gneiss and schist generally occurred in 
the vicinity of tho igneous masses to which they were most nearly 
related in rnincTal composition. 

(2) No true stratilication was detected, the bands of igneous and 
of foliated rocks thinning out rapidly, in tho manner of veins. 

(3) The rcceivtid view of the ago of tho greater i>art of tho rocks 
was not aflcctcd by the conclusions of tho Author. 

(d) The chief motamorphism was completed before tho Cambrian 
epoch. 

(5) Some, at least, of th(^ schistosity had been caused subsequent 
to consolidation. 

(For the Disclssion on this paper, see p. 514.) 
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38. On the Remains of Fishes from the Keuper of Warwick and 
Nottingham. By E. T. Newton, Esq., F.G.S. With Notes on 
their Mode of Occurrence, by the llev. P. B. Bkodik, M.A., 
F.G.S., and Edw. Wilson, Esq., F.G.S. (Head May 25, 1887.) 

[Plate XXll.] 

At the meeting of the British Association which took place last 
September, at Birmingham, the Eev. P. B. Brodio called attention 
to some specimens of fishes which he had obtain(‘d from the Ui)per 
Keuper of Shrewley. The specimens, which he has kindly sent to 
me for examination, are, unfortunately, very fragmentary, but still 
many of their characters can be deciphered ; anti seeing that 
Ganoid fish-remains from these deposits are of such rart^ occurrence, 
it is very desirable to ])lac(^ on record any frt'sh evidence which 
may be brought to light. Portions of seven s])t‘ciraens have been 
found, the best preserved (PI. XXII. tig. 1) showing thl^ left side of 
the body, minus the head and nearly tlieAvhok* of fht^ tail, but with 
parts of the dorsal, i)Cctoral, vtnitral, and ainil fins j^resiwvtHl In situ, 
with one or two rays of the tail-fin. In its present condition the 
specimen measures one inch and a half in huigth. 

The second specimen (fig. 2) seems to includ(^ tlu^ whoh' of a fish ; 
but it is so curved round, twist(*d, and crushed, that its form is 
■well-nigh obliterated. When ])(*rlect, it jnobably mcfisured two 
inches and a half in length. Tin; large fulcra, of the tail-tin are 
well seen from above ; but 'with the exec^ptaon of one? or two 
plates, probably bdonging to the liead, little of tlu^ structure can 
be made out. 

Tin; third sjiecimen (fig. 3) apj)(*ar.s to be a lu'ad w ith the right 
pectoral fin and a })ort,ion of thc^ l>ody ; but none of the bones of 
the head are prt^ser\x‘d, and there is merely an outliiu^ in the form 
of a head in front of the ju'ctoral arch. I’vvo other fins are ])re- 
served on this block of stojie, but tln^y secmi to be parts of another 
fish. The fourth specimen is a portion of a body with the ventral 
fin (fig. 4) preserved. 

The fifth and sixth sj»ecimens (figs. 5, (>) arc j)orfions of tails. 
The seventh specimen, now in the British 31 useum, is a body with 
perhaps a fragment of the head, but without any tail or fins. The 
scales, in the middle of the side, have their hinder margins denticu- 
lated (fig. 7). 

Bo far as preserved, these specimens are much alike, and there is 
nothing to lead to the supj)Opition that they belong to more than 
one species. Judging from the best specimen (fig. 1 ) the body is 
comparatively deep, its entire length, when perfect, being only 
about two and a half times the depth. At the front part of this 
specimen there is a curved fragment, which seems to be part of the 
pectoral arch, and a little behind this there are traces of the 
pectoral fin. The form of this fin, however, is better shown in 
another specimen (fig. 3). If the lower margin of this specimen 
(fig. 1) be divided into three equal parts, then at the juncticii of 
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the first and second thirds will be the attachment of the ventral fin ; 
and at the point between the middle and hinder thirds the beginning 
of the anal fin. The form of Ihe ventral fin is best shown by speci- 
men number four (PI. XXII. fig. 4). The pectoral, ventral, and anal 
fins are of moderate size ; but the single dorsal fin is large, with strong 
and seemingly articulated rays, while its anterior border is provided 
with well-d(weloped fuloral scahjs. This fin begins nearly opposite 
the ventral fin, and seems to have extended backwards almost to 
the anal fin; but the hinder part being broken away, its exact 
extent cannot now bo seen. Severjil ridgcis and grooves extending 
downwards from the dorsal fin indicate the j)resence of strong 
interspinous bones. The tail-fin is not preserved in number one 
(fig. 1): ]jut the fragments of tails (figs. 5, 0) show that the 
upper lobe was larger and stronger than the lower, and had its 
upper margin furnislied with jjarticnLirly large fulcra (see also 
fig. 2), and its sid(;s (jovered with elongated s])indle-shaped scales. 
The sides of the body arci covered with comparatively strong, 
shining, rhomhoidal scales, wliich in tlu^ middle region are largcj 
and from two to three timess as long from above downwards as 
they are from back to front. Towards ilui tail, as W’ell as above 
and bcilow', tlu^ scales b(‘(^ome smaller and nearly equal-sided. The 
surface of tb(< scales is smooth and shining; but on sorac^ of them, 
esp(3cially towards tlu^ tjiil, two or three indistinct obli(]iU3 ridg(‘s 
run from front to back. In t.li(‘ first specimen (tig. J)the hinder 
bord(T of tlu‘ scab's is im[M*rfect, and it is not ebiar wdietln'r this 
w^as smooth or d('nticulat (^ ; but specinu'Ti nuinlxu* sevc'Ji has some 
at least ol‘ the body-scales tiiu'ly denticnlah* (tig. 7 ). One of the 
tails (fig. ()) also shows that in some of the scales ihe indistinct 
ridges end in ]>oints on the hinder margin. 

Unfortunately iioiu^ of tlu' sp(‘eimens give any eb^ar information 
as to tlu^ form of the lu^ad, or of any of its hoiu's or j)lat(3s. The 
restored outline of figure 1 is hypothetieal, and is merely added to 
give a better id<ia of tlu' ]H)silion of tb(} ])arts ])reserved. In th(^ 
position Avhere tln^ hones of tlu^ lu*ad might be exj)ected (figs. 2 and 
theni are only indistinct traces, whieh may be bones parti{illy 
dissolved, and tbes(‘ appear granular on account of the sandy 
matrix Ix'nealli. Specimen numbm* 2 shows what seems to be a 
comparatively large conical tooth near the end of the snout (fig. 2,u). 
In the opercular region tlit'n* is a broad ])late (/>) with two 
tooth-like prominences at its liinder border, wdiicli may be one of 
the opercular bones ; and a strongly striated ])late (c) seen a little 
further back will probably btuir a like interpretation. The seventh 
specimen also shows a vsimilar striated plate. 

The only ganoid fishes which have been described from British 
Triassic strata are the unique specimen of Dlpteronotus ctfphva^ 
from the Bun ter of Bromsgrove, described by the late 8ir Phili]) 
Egerton and the Pfdmrniscus siq^erstt’s, also described by the same 
author t, from a specimen found by Mr. Brodie at Bowington, in 

* Quart. Journ. Gfeol. Soc. vol, x. p. 367 (1854). 

t Ibid, vol. xiv. p. 164 (1857). 
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beds of the same Upper Kcuper age as those which have dow 
yielded the specimens above described. To neitlier of these Triassic 
fishes can the Shrewley specimens bo referred. In the form and 
position of the fins the Shrewley specimens agree with ^Semio)}otus ; 
but with such imperfect material, more especially the absence of 
information as to the nature of the h<‘ad, tlio generic affinities of 
this fisli must be uncertain, and I am unable to find any described 
sjx'cies with which it will agree. Amongst the forms descrilxjd by 
Agassiz, Semionotm striatns^ivom the Lias of Seefeld is ])erh,aps the 
n(‘arest to our fossil : but besides l)eing much larger, tins has all the 
scah's of a more uniform sizi‘. In this latter ])articiilar >S\ Nils- 
is more like, but in other respects it is (‘vmi fnrtht'r removed 
from, onr specimens. Sir Lhilip Kgerton (les(‘rih(?(l tlire(‘ species 
of Srmionoins from beds, said to l)(‘ of Liassic ag(‘, at (hsUdla- 
in;ir(‘t; but the desen]>tions of these are siiffici(‘nt to sliow 
that they art^ not the saints as tin* Shr(*wl(‘V I'riassic^ lislnss. 

If it should he thought desirahh^ to hav(‘ a Jiam(‘ for such rare 
Lritish fossils, it is suggi‘sted tlial thi^ sp(‘ci('s lx* called after its 
diseov(M‘er, Seurionottis Brodui. 

Mr. ,K. AVilson, at ih(^ Ilritish Association Alixding at York§, 
calh'd atbmtioii to th(' discoveiy of fossil fishes in Keupi'.r Ixxls at 
Nottingham. In tli(‘ abstract of this pa]>er it- is said that Tlui 
specimens he ohtaiiK'd hav(‘ been exaiuiiK'd by H(‘V(‘ral eompeU'nt 
authorities; but, unfortuuabdy, their state of jirc'sc'rvation is so had 
that nothing certain can be made out as to tluur ])reeis(! zoological 
affinities. Dr. Traquair, lioweV(‘r, heliev(‘8 that, tiny ])r()])ably 
1) dong to sonu' spticies, new or old, of tin) gcunis fS(nnlon()ttfsN No 
further account seems to have b(‘.en ]>uhlish(Ml ; hut Mr. Wilson has 
l)(um good enough to let- rm; stxj these s[)(‘eim(Uis. A 1(‘W of his 
best examples were ])res(mted to tin* Nottingham riiiv(‘fsity (!olleg(‘ 
NIus(uim; and through the courtesy of the museuiii authorities and 
of the Curator, Mr. J. W. Carr, I liave liad tlu^ oppo7t unity of 
examining thest; also. The unmlnu’ of fish(*s in this (I('j)osit must 
have been very great, as will Ix^ gatlienx] from tlie notes by 
Mr. AVilson (]). 542). Alany of thest* have IIk; scales well ])reserv(xl ; 
hut unfortunately none give any satisfactory clm^ to tin; form of the 
body. One of tin; most perfect is on a small slab hclongiiig to the; 
Nottingham ALiseum, and is Tuark{‘.d No. 1. In size, as in other 
respects, this agrees fairly well with the Shrcwlcjy f]sh(\s ; it is 
lying partly on its back, so as to show hotli the ventral fins and 
above them the dorsal fin ; the tail is twist(;d round, so that its 
uj)per border is now turned downwards. Tin? ])osition of the head 
is indicated by some irregular bony plates ; but its form is uncertain. 
The moderately heteroc(?rcal tail and the position of tlie dorsal and 
ventral fins agree with Bemionotm^ and ])ossibly the fish may belong 
to the same species as those discovered by the Ilev. P. 13. Brodie. 
The dorsal fin-rays which are preserved are entire and not articu- 
lated, as in the Shrewley specimen ; it may be, however, that these 

* ‘ Poissons Fossdles,’ vol. ii. p. 231. t Loc, cit. p. 229. 

+ Proc. Geol. Soc. vol. iv. p. 183 (1843). § Eep. 1881, p. G37. 
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are anterior rays, while those preserved in the Shrewley fish are not 
the front ones. Another Hpeeimcn, also belonging to the Nottingham 
Museum, and, apparcuitly, ])art of a similar fish, has these entire 
dorsal fin-rays v(uy well shown (Tl. NXII. fig. 8). 

On the same slab with No. 1 specimen there are fragments of 
what appears to bci a raheoniscoid fish. This is a portion of an 
extremely h(;terocercal tail (marked No. 2), the uppcT lobe being 
covered by numerous slender elongat(;d scales. Some of the more 
ant(jrior and vtuitral scales of this fragment have longitudinal stria- 
tions ; and otluT fragmtuits on the same slab, with strongly striated 
scales (markcal and 4), ])robably beloiig to tlu* sam(i fish. The 
markings on ihesc^ seal.<‘s are not eas}’ to decipher, l)Litth(Te seem to 
b(^ five or six obliques ridges traversing the exj)OS{Hl part of the scale. 
Figure! J) fairly r(‘pr(‘sents one of these! scah!,s, which are much like 
those' of Ji'hmirhfJtys given liy Dr. Tracpiair 

On anotlu!!* slab Ihere arc fragmeni-s of a largc^r fish, as indicated 
by some massc's of scales ; but these are too fragmentary to call for 
more than a jiassing notice. 

j^otes on the U/)per Kenper Heetion at Shr< ivleif ivlu re the Fish were 
fovnd^ and on the Trias efcneralhf in Wanvielshire, By the 
U('v. V. B. Bkodiio, M.A., F.G.S. 

As a rule, the Trias in lln'at Britain, (^onsidc'iing its ('xient and 
thickness, is noted for tlu! paucity and rarity of fossils, perhaps it is 
th(! most unl'ossilifc'rous of all rocks coniaining organic remains in 
this country, csjx'cially wlu'ii com])ar(*d with th(‘ abundant fauna 
and ilora of the New Kod Sandstone in Kurojx! and other parts of 
the world. Any addition therefore to our knowh'dge in a field so 
comparativt'ly barren is of consid('ral*le intc'iH'sl. to th(! Palieontolo- 
gist. It is now many y(‘ars ago since 1 discovered Pahronisnis 
snperstes^ a])parently the last of the g<*mis, in the Up]»er Kcuper at 
Bowingt-on. I^ast summer, in com])any with my son, Mr. Douglas 
Brodie, 1 visil(!d tho saiidsPuKMjuarry at Shrc'wlcy, and h(! drew 
iny attention to some obscure n'lnains on a slab of sandstone which, 
when cleared, turned out to hv j)ortions of fish, unfortunately 
fragmentary and ill preservc'd, belonging to the genus fScniianotasf, 
which, though fi*c<iucnt in tlic (h'rinan Kou])cr at Foburg, Stuttgardt, 
and (dsewliore, has uot bci'ii ])reviously recognized here. On a 
secuTid visit I found a tew more in a somewhat bedtt^r condition, all 
of which 1 placed in ^Mr. Newton's hands. On the slab on which 

* Pal. Soc. 1877, pi. V. 

t Anotljor mul larger tish was found at Shrewley some years ago, but tho 
owner will not part with it nor allow it to be figured or deseribed. I showed 
a photograph 1 havo of it to Sir .1*. Egerltui, at the meeting of the British 
Asaoeiation at Exeter in ISOU, and lie thought it migVit be aspec-ies of Scmiorotuii. 
It measures from heatl to tail about o inches in length and half an inch broad 
in the centre of the body ; it stands out iii relief, lying on its back on a block 
of sandstone, and resembles in its mode of preservation some of the fine fish 
from the Jlmiiister Lias, discovered by my friend the lute O. Moore, In the 
New Bed 8and stone of North America several fossil fish have been met with 
and will shortly be figured and described by Dr. Newberry, of the School of 
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the first specimens were found wefe two impressions of footsteps of 
a larp:e LahtfrinlJiodon^ and I fancy that the whole number, seven, 
may have been l.ying on the surface of one large slab afterwards 
broken on removal. The following section of the quarry wnll 
show the probable position of most of the fossils which occur 


there : — 

ft. in. 

1. Soft, brown-colourcd saiulatone, current-murkod 0 11 

2. Crreen marls, nior(M>r loss sandy 4 7 

3. Friable saudstones, in beds divided by green inarl, soiler at the top, 

getting harder at the botloni, with green marly surfaeo 7 2 

4. {Seven or eight beds of sandstone of variable liardness, with Esthcria^ 

divided by marls, the bottom roek the hardest b 0 

.o. Hard tea-green marls with K^theria 7 0 


Total 24 8 


This section fac(?s the south; at the east end of the quarry 
there are tibout 2U fec't of r(‘d marls, al)()V(‘ th(^ gretni marls 
and thill-bedded brown sandstone, jVos. 1 cSc 2. strata are 

nearly horizontal. The ‘bottom rock’ is e.x]»osed oii the canal tit 
llowington, where it has a slight owing to ji local disturbance, 
and it ajtpears again on the road bcdween that vill.igi' and Shrewlt'.y, 
and elsewhere. The lowest bed in i'so. Ih l>n)l>al)ly containing the lish, 
is a rather soft, gritty sandsioins made uj) of small grains of white 
quartz and other variously coloured rolled m.'iteritil, very small, 
loosely connected togidher, and readil}’ hroketi. Jlmv and then* this 
sandstoin^ is traversed hy hands of grta*!! marl. The most ahiindant 
organisms in this bed, which have been known for a long time, tiro 
the remains of (kistraiaonts, consisting of teeth, palatal and cutting 
(the latter V(n’y rar(f), of sev(‘ral s]K*cies of sharks, witli the dorsal 
spines and, oci-iisionally, ])ortions of the shagreen. 1 lia-vi; in 
ui)' collection a series of small jialates, united together, which is 
a unique examph? from tlie Trias li(‘re. A similar stratum, with 
similar fossils, 0(‘curs at several loca]iti(‘S in Worctjstersliire. 
Foot])rints of generally of small size, are occfisioiially 

found on the surface of the saiidstcmes; and at llowington remains 
of })lants in a very im])erf(;ct condition, among wdiich is Voltzin in 
fruciiticatioii, and some small fruits resembling the Jurassic Carpoli- 
f/ms, so called. The ‘bottom rock’ is an (*xcellent and durable 
building-stone, and Avas formerly largely quarried at lloAvington 
and other places. In most works on geology the New lied Sand- 
stone is simply classed as a Keri(^s of strata of variously coloured 


Mines, New York. He informs me that he has enumerated about twenty 
species from the American J’riaB, viz. ; — 

Catopfems, Red field (> species. 

on = Pdlieonisous 12 „ 

Diphiru,% Newberry 1 „ 

T)r. Newberry stat(‘s tliat the Ameriean genus hchypfervfi is so near to the 
genus Semimntm, that if found in Europe, ig issijs would have referred it 
unquestionably to that genus. 

Q. J.G.S'. No. 171. 


2o 
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marls and sandstones, including the waterstones at the base. Now 
there are in Worcestershire several marls and sandstones, including 
the WatcrstoncH, having at the bottom the hard rock above men- 
tioned, overlying green marls with Kstheria^ siu;ceedcd by a thick 
stratum of red marls, which evidently come betweem these and the 
lowcn* Waterstones at Warwick, Leamington, Cubbirigton, and else- 
where, so that tin.* New Red in this disiriet might be fairly divided 
into llj)p<‘r and Lower Keviper, with two important l>eds of sandstone, 
one above and anot}if‘r b(dow, soparatcul by red marls, which would 
form lioroabouts tlie dividing line. The same tiling apjdies to the 
neighbourhood of Rugb}’, and is, 1 sei', adojited bj" tlie local 
geologists there. ^fhe same sulidivision is also adopted by the 
R(5V, J. iMello for tlie Cln'sbire Trias : and I tliiiik it might be 
g(nierally and inlvantageously ado])i<ul wlu're tlu'se two sandstones, 
wliieli differ litliologieally, are elosidy si'parated by a tbi(‘k iiiler- 
veiiing mass of ri’d marl. Qln; Wati'rstones are famous for the 
number (comprising nine genera) of Salmnaiidioid Ratrachians, a 
largii nundau* and variety of whicli havi; been found at Warwick, 
Leamington, and (Joventry ; and a unique collection is ])reserved in 
the Warwick j\Ius('nni. 

T may add tliat although the n‘d ro(ks of Kenilworth and 
CoviMitry have liitlierto b(‘en assigiual to tin* P(‘rmian, there soeins 
every jirohabilily that a larg(‘- proportion of tlu* former will now 
have to lx? classiul with the Trias. 

Noti'S ini the Trufsaiv Beth at Cohrirl' Wood^ AoUiarjhain, 

J{y Ei)W. Wilson, Ksip, E.d.S. 

The small fishes described were found by me in the summer of the 
year LSTd, in the root of a tunnel which was b(*ing driven throngli 
the side of thi^ liill at CVil wick Wood, near Nottingham, for the Leen 
Yalley Outfall Si'wcr. ^riuw (;ome from the Ijowcr tSandstono or 
‘ Waterstones ’ of the ITjtpor Keuper, which at this ])oint rest iipoii 
the * Rascnu'nt-lx'ds ' of the Lower Iveuper. The fishes W'cre 
ajqian'ntly limited to tlu' lowest stratum of tlu! ‘ Watiu-stones,' a 
bed of gn^(uiish-y(‘llow sandstone 10 inches tliick, with intercalated 
streaks of nal and green marl, and a seam of pebbles at its base, 
and to the bottom inch or two of that stratum. This bed may be 
seen croiiiiing out in an adjoining titdd on the hillside which liere 
forms the oscarjiment of the Treat Valley, but it is not fossiliferous 
at that point ; and although there have been many oppoi*tunities 
of examining the strata, at the same horizon on the east side of Not- 
tingham, and a< i>th('r plaet's in the vicinity, no traces of any similar 
organisms have, so far, been discovered elsewhere in the distiict. 
Ill addition to the exceptional interest that is always to he derived 
from the presenci^ of organic remains in Triassic rocks, as a rule so 
barren of life, there were two points specially noticeable in con- 
nexion with the occurrence of these fossils in the Keuper at 
Nottingham ; namely, first, the great number of the fishes, there 
being quite a shoal of them for a distance of thirty feet or there- 
about. in the line of section, the individual fishes even lying over 
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one another in the middle portion of ihat distance, bnt gradually 
becoming more widely separated in either direction until they 
finally came to an end ; and, secondly, their occurrence at the 
junction of two subformations of the Trias, namel}’, of the Water- 
stones of the Upper Keuper and tlie llaseinent-beds (Lower Keu]>er). 
This may be, and probably is, merely an accidental coincidence'. 
At the same time, it may be W'orth while to record the fac,t. The 
two series of deposits, at the junction of wliich this fossil shoal of 
fishes was found, are of very diverse characters, and were formed 
linden’ veiy different physical conditions. The K(‘U])er IJasement- 
beds are a series of gritt\% false-bedded sandstones with frac- 
tured rpiartzite jx'bbles and strange wedgt‘-sha])ed intercalations of 
fine rtsd marl and marly drhris^ irri'gularly bedih'd and showing 
clear signs of tlu' existence of jjowtu'ful curn'ids as widl as of 
considerabh' contcnnporaiieous erosion. These* de[)osits 1 believe to 
have probably had a tluviatile origin. The Waterstones, on the 
other hand (at the base of which the fishes occiirn'd, and to which 
series they belong), an* regularly lu'ddcfl tlne-graimal sandsioiu's and 
marls, showing rij)] de-marks and su n-cracks'^, and wvro evidiuitly 
formed in watins which were trampiil but extreiiK'ly shallow, and 
liabl(‘ to enliri* and perha]>s rapid desiccation. Thesi' watau’s W('re 
in all j)robability those of saline lakes or lagoons. Possibly tin* 
fishes found at Lolwiek may have become (‘ntra]>p(al in the shallows 
of such a lak(\ and kilh'd in numbers by tlic drying-up or the 
increasing salinity of the water. 

EXPLANA'IdON OF PLATE XXIl. 

Fig. 1. Scfin'o7/of/(f<, foinid by the Kev. P. If Prodie. in the lJj>per Kenper of 
Slire\v’l(*y, twice natural size, r/, dorsal tin; p<'ct()nil tin; 
V, ventral tin ; an, anal tin. The head and grc'ater ])arl of the tail 
are wanling, but their probable lorm is indicated by a bypotbelical 
outline. 

Fig. 2. A much crushed specimen, natural size, showing tlie largo fuleral 
scales of the tail. 

Fig. I». Another example, twice natural size, showing ])art of head, pectoral 
tin, and possibly part of ventral fin. 

Fig. 4. A tVagincid, slh)wiiig ventral tin, twice natural size. 

Fig. 5. A. tail, twice natural size, showing its moderately heleroocrcal elna- 
racter. 

Fig. (>. A similar specimen, also twice the natural size, showing the largo 
fuleral scales. 

Fig. Oa. A few of the scales, further enlarged. 

Fig, 7. Scales, enlarged, from a specimen presented to the llrilisli Museum 
by the Kev. P, !». Brouie, showing their denticidate margins. 

Fig. 8. One of tlie numerous specimens of tSemiouofan found by l\tr. E. Wilson 
in the Trias of Colwick W<iod, near Xottiiighajn ; natural size. 
Other examples show that the ^entral fins (and probably the anal 
tiu) were situated as in figure 1 above. 

Fig. 9. A scale, enlarged 20 diameters, of one of the Palaeoniseoid fishes, also 
found by Mr. E. Wilson in the Trias of Colwick Wood. 

* In these lowest beds of the W’at erstor.es at Colwick I found the stem of a 
land plant havhig the appearance of Kquisefifes colunmaris, and jirobably 
allied thereto. Unfortunately it w as only a sandstone cast, and too friable to 

remove. 
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39. On the Lower Part of the Upper Cretaceous Series in West 
Suffolk mid Norfolk. By A. J. .Tukes-Beowne, Esq., B.A., 
F.G.S., and W. Hill, Esq., E.G.S. (Bead June 8, 1887.) 

Introduction. 

The zonal subdivisions of the Cambridgeshire Chalk were first 
described in 1 880 and more fully in the Memoirs of the Geological 
Survey, in 1881 t, the outcrops of the Toiternhoo Stone and the 
Melbourn Bock having then been traced as far as Burwell and 
Newmarket respectively ; but the survey of the Suffolk Chalk having 
been previously comjdeted, the lines were not continued on the 
Survey map. 

The section exj)osod in the cliffs near Hunstanton has often been 
described, but the beds there seen are very difierent from those 
which oceu])y a similar st-ratigraphical position near Newmarket ; it 
was evident, therefore, that between these two places the beds 
forming the lower part of the Chalk underwent a considerable 
amount of lateral change, .and (hat, until more was known of the 
manner in which one facies of the Lower Chalk passed into the 
other, no correlation of the Norfolk and Cambridge sections could be 
more, than suggestive. 

Moreo^'er, in tlu^ absence of this information, one of us has found 
much diffi(‘ully in correlating the subdivisions of the Lincolnshire 
Chalk with that of tlie Midland counties, and he felt that when 
once the constitution of the Norfolk Chalk was ])roperly understood, 
that of Lincolnshire, which bears great resemblance to it, would no 
longer offer any difficulty. 

It being clear, therefore, that important issues depended upon an 
investigation of the changes that take place in the Cretaceous rocks 
as they j)ass from Suffolk into Norfolk, it was -with the object of 
exploring this terra ineoifnita that we started from Newmarket 
in Juno ]88(), and worked rapidly northw ard as far as Shouldham 
and Marham in Norfolk. By this traverse we succeeded in obtain- 
ing some important information, which was communicated to the 
Director of the Geological Survey, the result being that Mr. 
Whitaker w’as sent into the district, and one of us accompanied him 
in continuing the work through Norfolk to Hunstanton. During 
this traverse the lines for the Melbourn Bock and Totternhoe Stone 
were drawm, and that for the Melbourn rock will be engraved on 
sheets 05 and 09 of the Geological Survey map. A third visit was 
made in September, and two others in the spring of this year, for 
the purpose of gaining further information on certain points, and 
superintending the execution of three borings which were made for 
the purpose of testing the accuracy of our conclusions at localities 
where little natural evidence was obtainable. 

* Geol. Mag. dec. ii. vol. vii. p. 248. 

t ‘ Geology of the Neighbourhood of Cambridge,* by W. H. Penning and A. 
J. Jukes-Browne, pp. 20 et seq. 
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The present communication therefore is based upon our joint 
investigations in the field, checked and confirmed by the results of 
the borings, by the examination of tlic fossils collected from the various 
exposures, and by the study of more than 160 rock-slices under the 
microscope. 

The mass of evidence thus obtained will naturally be treated under 
the three heads of (1) stratigraphical evidence, (2) ]){ila>()ntological 
evidence, (3) microscopical evidence; and these are supplemented by 
the chemical analyses w-hich the kindness of Dr. Johnstone enable 
us to adduce. We desire also to thank ^fr. Wiiitakcu’ for his assis- 
tance and cooperation in the field, and for his readiness to impart 
such information as he possessed. 

§ 1. Strati o RAP lu CAL Evidence. 

For the purposes of description, it will be most convenient to 
divide our matter into three portions undt^r the following heads: 
(ci) the (lault and the Cambridge (itn‘( nsaiid, (h) the Totternhoo 
Stone and Chalk-marl, (c) the Crey (-halk, Melhourn Dock and 
associated beds, tracing each division from soutli to north, and de- 
scribing the exposures vvhich we observed along the tract occupied 
by it. 

A. The Gault and Canihrlde/e Greensand, 

On the eastern borders of Cambridgeshir(‘, near iteach, Burwell, 
and Soham, well-sections ]>rove the thickness of the Caiilt to be 
about 100 feet, the information obtained showing a variation 
between 90 and 1 1 0 feet at diffiTcnt places. 

The greater i)art- of the Oault lies below tlie surface of the Fen, 
so that little can be seen of it ; but some fourtecui or fifteen years 
ago many Coprolit e-pits wer<i open between Iteach and Soham, and 
we quote the following observations from tlie ‘ Survey Memoir on 
the Neighbourhood of C.^irnbridge/ (p. 34) as indicating that the 
clay which hero underlies the Coprolite-bed ])elong8 to a different 
and probably higher part of the Gault than that on \vhich it rests 
near Cambridge. The memoir says: — “The phosi)hatc nodules 
extracted from these pits exhibited different characK^rs from tliose 
obtained nearer Cambridge ; there was a much greater proportion of 
lighter-coloured pliosj)hates, and the fossils wdiich Occurred among 
these had not apparently been subjected to much rolling, hut retained 
their shells in a more perfect state than usual — Terehratidn', Jthyn^ 
clionellce, and Exofjyrce being especially common and well pre- 
served. . . . Amongst the darker nodules there are some which 

have a greenish exterior, and the whole assemblage has a different 
aspect from those [of the pits] to the south, as if resulting from 
the erosion of differently constituted beds in the Gault.*’ 

It is also mentioned that at one pit near Keach “ a second 
Coprolite-bed was worked in the mass of the Gault, about 8 feet 
below that forming the base of the Chalk-marl,” the fossils from 
both beds being mixed in the washed heap. 
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Fig. 1 . — Map of the Outcrop of Cretaceous Rocks in West Suifnih 
and Norfolk, (Scale 8 miles to 1 inch.) 
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Now it is remarkable that these phenomena are similar to those 
found near the southern termination of the Cambridge Greensand 
in Bedfordshire ; the phosphates dug near Barton in that county 
exhibited a similar preponderance of light- coloured nodules, and it 
was specially observed * that their surfaces were fresher and less 
water-worn than those of the Cambridge nodules. It was shown, 
in tlie paper referred to, that these nodules were in all probability 
derived from iho upi)ermost beds of the Gault, and the resemblances 
between them and the nodules from the Beach and 8oham pits are 
therefore very suggestive ; this point will be again referred to in the 
sequel. 

The moat northern locality where the Cambridge seam has been 
worked is near AVodd’s Farm, about two miles north-east of Soham, 
where it was not far from the surface. Beyond this spot its course 
is imktiown, and no lino for the base of the Chalk beneath the 
Fcnland has been drawn on the Geological Surv^ey map (sheet 51, 
N.E.) ; there can be little doubt, however, that it runs below 
Mildeiihall Fen, and probably ])assos out of sheet 51 into slioot ()5, 
about a mile and a half north-west of Lakenheath. How far the 
nodulo-bed continues at the base of the ('halk-marl is of course a 
matter which could only be decided by making a series of bo)*ings 
through tile feii-lx'ds along the line above in(li(‘ated. 

(iault is said to underlie the graved of Shrul)b Hill, which is 
an island in lloekwold ken, on tlie north side of the Little Ouse, 
but the base of tlie Clialk-marl seems to l)e still l)elow the Fcn- 
Icvel. 

Botweeui West Dereham and Stoke Ferry the Gault once more 
rises a])ove the level of the Fen, and forms a low-lying plain ])o- 
tween the ridge's of the Lower Greensand to the westward and the 
slope of the Lower Chalk on the east. 

O^hat this is really Gault we have not the slightest doubt. Mr. 
C. B. Hose, who was the first to describe it, seems at first to have 
had some doubt whether it was true Gault ; but his hesitation was 
set at rest by William Smith, who identified it by the fossils he had 
found in itf, so that we find Fitton (in 18BG) accepting its oxistcnco 
as an established fact. Mr. Koso afterwards succeeded in tracing 
the several detached ex})osurc8 of this clay from AVest Dcreharn to 
Congham and AVest Newton, and records the finding of other Gault 
species From this time, no doubt was ever thrown on the occur- 
rence of Gault in West Norfolk until 1885, when Messrs. Tlcid and 
Sharmaii § raised the question in the ‘ Geological Magazine,’ and sug- 
gested that the whole of it was Chalk-marl, asserting that it con- 
tained a Chalk-marl fauna. 

From their conclusions we entirely dissent, and our reasons for 
maintaining that this clay is really Gault have already been 
published, so that we need not repeat them here ; but wo think that 

♦ See Quart. Joum. Geol. Soc. vol. xxxi. p. 262. 
t Phil. Mag. vol. vii. (18?i5) p. 179 ct seq» 

J Proc. Geol. Assoc, vol. i. p. 254. 

§ Geol. Mag. dec. iii. vol. iii. p. 55. 
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if Messrs. Ileid and Bbarman had traced the Chalk-marl through 
Suffolk and Norfolk, as we have don<;, and had realized the true 
position of the hard chalk exposed at Stoke Ferry they would never 
have published their suggestion. 

In our brief communication to the ^ Geological Magazine ’ we men- 
tioned that, in order to decide the (piestion, we had a boring made 
at Stoke Ferry, and liad proved the existi jice of a glauconitic marl 
there, which rested on blue clay at a depth of feet below the 
quarry lloor (see p. 55(»). 

We may ?dso mention in this connexion that from the core of the 
Glauconitic IVIarl brouglit uj> from tlie boro at Stoke Ferry we ex- 
tracted a small but ])erfoct cast of Auicnld (frifpluvoidrs in dark- 
brown phosjdiatc of exactly the same appearance as the casts of the 
same shell in the Caml)i‘idge Greensand, so tliat we ft^el wfirrantod 
in regarding tliis bod as an actual continuation of the Cambridge 
Greensand. 

Another welhsoction, at a i)oint a quarter of a mile south-east of 
the quarry, continues the succession, and shows 51) feet of Gault 
below the base of the Chalk-marl. The details are as follows ; — 

(eel . 


Sand and Watc'r 25 

Chalk l/.c. Olndk-nmrl l b‘U 

Ycllnw Marl {? Ohiuconilic bod] 5 

Blue c*1j.i;v [Gault] .5f> 

Dark groon sand 2 

liods oi' rock and sand [Li)\ver Greensand) 15 


IbU 

The thre(5 feet of “ Yellow Marl” we r<*gard as in all ])robahility 
the glauconitic basi'mcmt-hed of the Chalk-marl, which has a 
yellowish tinge, esjK'cially wlnui contrasted with the whiter Chalk- 
marl above, and it s assigned thickm.'ss agrtH‘s very closely with that 
of the bed proved by oiir boring. 'J’he clay below is, of course, the 
Gault, and the “ dark green sand” is its basement -bed, in which the 
Coprolites occur at Wt^st- Dereliaiu. 

For the details of this boring we are indebtc'd to Mr. W. 
Whitaker, who obtained them from the well-borer himself, Mr. T. 
Tilley. The three' sections taken together, namely, tlu' open quaiT}^ 
our boring, and Mr. Tilley s boring, give the complete thickness of 
the Chalk-marl and Gault at Btoko Ferry, the former being 75 feet 
and the latter 58 feet in thickin'ss. We? had pre'viously calculated 
the thickness e)f the Gault, taking the bre'adth of its outcrop as two 
miles, and assuming a dip of 1"", to be 51) feet. We shall show in 
the sequel that the thickness of this clay rapidly decreases from this 
point northwards. 

On the Gaiilt-area the^ only sections are those to be seen in 
trenches opened from time to time for the purpose of working 
seam of phosj)hate-noduk‘8 which lies at the base of the clay. T^^. 
best section open in 1880 was at the works one mile W.N.W. 
Bereham Church ; this showed from 10 to 12 feet of dark grey cla^^ 
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with a basement-layer (0 inches thick) of sandy glauconitic clay 
containing the Coprolites.’’ This layer rested directly on brownish 
sand, the lino of junction being undulating, as if indicating erosion. 
Both here and at the other pits south-\vest- of the church there was 
only one seam of nodules, and all the nodules on the washed heaps 
were of the gritty or pebbly phosphate, such as occurs in the zone 
of Ammonitea vnamlUarls at Folkestone. In the old('r pits near 
West Dereham, phosphate-nodules of the darker compact kind 
usually found in the Gault occurred in the cla}^ overlying the 
nodule-bed ; but in the present workings only pale grey or bufi- 
coloured pliosphates occurnjd a])ove the bas(mient-bed. 

Near the farm called “ Muzzle,'’ about four miles west of West 
Dereham, a good section of tlui lowaT part of t he Gault can bo scuiii 
in an old pit, where clay has been exttusively dug for agricultural 
and other purpos(‘s. The lower part of the face is now hidden by 
a talus sloj)e, due to weathering, but tluTe yet remains a vcTtical 
section of about from 4 to (i feet. This (‘xjjosure luis bcuni considiTed 
by many W’riters to atford a proof of the exist (UC(‘ of the Gault in 
Norfolk. M(‘ssrs. l{(‘id and Sharman, liowi‘ver, as ]>r(wiously mi‘U- 
tioned, refer it to the Chalk-marl. They visit ('d this ]>it to obtain 
fossils “iinmixed with derivative forms,*’ and llu'y consider tlie 
ass(‘mblage so obtained to be charact.crist ic of the Chalk-marl rather 
than of the Gault. 

We hav(‘ (examined the exposure carefully. All th(! fossils found 
hero were met with in ilu) face* of the pit cjxcept Ammonites 
inter ruptiis, Ammoiiit(‘s of this sp(‘eies wc^re obtaiiuid by digging 
a little below the floor of the pit, and app(*ared coramon as soft-clay 
casts; but some of th(5 interior wdiorls of at least one specimen 
wu)r(i phosphatized. With the Ammonites werc^ associated numbers 
of Inocerami^ whicli a])p('ar to belong to Inoc. concenlricm and allied 
species. The whole assemblage is unquestionably a Gault one. 

The area occupied by tlu* Gault north of W(‘st Dereham is much ob- 
scured by sj)reads of Boulder-clay, Ac., ])ut d<'ep ditches give occasional 
facilities for following its outcrop. In one of these, to the south of 
Shoiildham, Messrs. Keid and Sharman record a bluish-white marly 
clay, full of Belemnites mhiimus and B, attmimtus and PlicatiUa^ 
which they refer to as Chalk-marl From t he evidence we have 
obtained at Muzzle and West Dereham, and also further to the 
north, at Grimston, we believe this marly clay to be true Gault. 
Mr. Whitaker informs us that- a boring at Narborough House passed 
through 85 f(‘et of chalk, which was hardest near the base, tlum 
through 20 feet of blue clay or marl, reaching the Lower Greensand 
at 105 feet. 

In the neighbourhood of Grimston we have been able to identify 
the Gault, and have ascertained its thickness by boring. 

The point chosen for this operation was a pit about half a mile 
N.N.E. of Roydon Church, in which occurs a hard, grey, and gritty 
chalk, with green-coated nodules at its base, described by Mr. 


* Geok Mag. dec. iii. vol. iii. p. 55. 
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Whitaker * as the probable representative of the Tottemhoe Ston 
This hard grey chalk is underlain by exceedingly hard creamy- 
white chalk, which passes rather abruptly into a softish, grey clave 
marl. At the junction of these two the hard material was de^ 
cidedly yellower, and it passed into the bed below as layers or 
lumps separated by the marl. The section obtained bvdiffffino- 
boring is as foUows (fig. 2) ^ ^ 


Eig. 2 . — Diagram of Section shown and obtained by boring in the 
Pit about ^ miU N.N.E. of Boydon Church. (Scale | inch to 
1 foot.) ® 
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marl. 
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ft. in. 
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Greyisli, hard, j^itfy clialk, weathering in 
thin flaggy pieces, a number of green- 
coated nodules at its base := the Inocera- 
9ni^.‘{~bed of Hunstanton Q Q 


Creamy-white material, very hard, with 
pipings or mottlings of the grey bed 
above, becoming rather yellower down- 
ward = the so-ealled Sponge-bed of 
Hunstanton 5 Q 


Boring. 

^ Toiigliish, grey, marly clay, with Brlcm- 

7///e.s=L'pix*r Gault 10 0 
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lirst, becoming darker, sandy, and 
altnost bhick at its base = Lower* Gault. 


Carstune 


proved to 


1 9 


7 0 

3 0 


No hard beds were noted in boring, hut subsequent examination 


* Proc. Norwich GeoL Soc, vol. i. pt. iii. p. 238 (1884). 
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of the cores showed that hard material had been passed through, 
probably at the top of the blue Gault. Belemnites were found in 
the cores, and also in the lowest part of the hard Chalk-marl, but 
not higher. 

About half a mile N.E. of Grimston-Eoad Station the following 
succession of beds, having a slight dip to the east, is shown in a 
shallow cutting of the railway. Entering from the soiitheni end, a 
dark-grey calcareous clay is seen for about fifty yards. Some thirty 
yards south of the bridge which spans the centre of the cutting this 
clay is seen to be overlain by a bed of hard, bluish-grey rock, eight 
nr ten inches thick. Two feet above this bed, and extending for 
almost the entire length of the cutting from this point fn the north, 
rather more than a foot of the clay is coloured a bright reddish 
pink. This band is divided in places by uncolourcd material. 
North of the bridge, a second b(^d of pale yellowish-grey rock, about 
eight inches thick, is seen above the red band, separated from it by 
a few inches of marly claj^. The lower of those hard beds proved 
fossilif crons, the most abundant form Jiioeemmmconcentnms; 

associated with it were Inoceramiis sidcaius, A'imn.oniies laulus^ and 
A, rostratiis. The upper bed appeared to contain few fossils. 
Inoc. concentriens occurred sparingly. 

The succcission of these beds was further confirmed hy following 
the course of the brook to the west; of Grimston Church, Tho oui.- 
crop of the lower hard bod occurs just- hy a small ileld-hridgo about 
a quarter of a mile S.W. of the church. It is (uisily identitied hy 
its fossils, which are tho same as those from this bed in the cutting. 
Eollowiiig upward the course of the stream, a gn^y marly clay is 
(exposed on either bank, which, just above tho hard bed, and rather 
closer to it than in the cutting, is t-iiig(;d with ])ink. Above this is 
a second hard )>od. At tho confluence with the main brook of a 
small stream, which takes its rise immediately to the west of the 
church, hard, creamy- white Chalk-marl is s(K‘n, hared at t.liis point 
from all sediment hy the swiftly running water. This spring 
appears to rise at- the horizon of the hard grey chalk noted at the 
Eoydon pit, with which the material from the^ spring-head agrees. 
Belemnites occur from the lower hard he^d to the Chalk-marl, very 
abundantly in the pink, more sparijigly above it. 

About a mile to the soutli-wcst, the saui(‘ order of succession of 
these beds can he made out in tho channel cut hy the water rising from 
the Sow’s He‘ad spring. The? water here appears to come out at the 
base of the hard Chalk-marl, for hard limestone!, we}ath(?ring yellowish 
and containing Belemnites, extends for some little? distance down 
stream. Below this, with about the same interval of grey marly 
clay between them as at Grimston, are two hard beds, the lower 
-containing the same fossils as before ; and the marl above it being 
tinted a duB brownish pink, is probably the representative of the 
red hand in the cutting. 

There is perhaps some ground for doubting whether the hard 
beds seen in this neighbourhood occur continuously at the same 
horizon ; for Mr. Eose notes a hard bed at Pentney only 2 feet 
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above the base of the Gault * ; but in both the brook-sections soft 
greyish-blue marl underlies the lower hard bed, below the outcrop of 
which the banks weather down, and the strata through which the 
water cuts its way are no longer openly exposed. 

A small exposure was noted of grey clayey marl, with some pinkish 
streaks, just to the east of the gardens at Sandringham, in what 
appeared to have be(ui an old pit close by the road. This we refer 
to the Gault. At a suhse(|uent visit Ihis exposure was covered up, 
but red claye.y earth was secui just above the outcrop of the Carstone 
around somci young tn'cs which had just b(5on planted. 

That which w(* believe to b<^ tlui final thinning-out of the Gault 
clay was found by boring in tlu^ large; chalk-i)it at, Dersingham (for 
sectioji see p. ILtc;, htdow" the hard Chalk-marl, 2 feet of 

sottish pale; gr(‘v marl was found, and beiK'ath this .‘1 feet of 
yellowish-brown (ibalky inatiTial, bard at the to]), hut passing down 
into 2j feet of red marly clay, which rested ijiimediately on the 
Carstone. 

This confirms a statement of the llev. T. Wiltshire, who says-f : — 
“According to the statements of persons resideid in tin; district 
adjoinijig Hiuistanton, and who have seen inland sections open(;d 
for agricultural pur])os(‘s, the blue Gault, wdth its cliarachiristic 
Belomnite, rests on tin; Carstom; at- hlitcliam, 10 mil(‘s south of 
Hunstanton ; hut nither lu'arer tin; latter place, and still close to 
Flitcham, a r(;d (;]ay occurs immediately und(‘r the White Chalk, 
thus coniK'cting the blue Gault with the lltal Chalk.’' 

As wdll lx; se(‘n iu th<; se(]n(‘l, the str.Mtigraphical evidence is 
strongly ill favour of the Jted C-halk Ixung the actual continuation 
of the Norfolk (hiult, a coneliision which agi’eos wdth that arrived 
at by Mr. Wiltshire ; but it w'ill he seen that the strength of this 
evidence lies in the id(mt ilication of the overlying “sponge-bed” as 
the real base of the Chalk-marl. 

]1. The CJiaJIc'iuarl and Totternhoe /Stone. 

The thickness of the Chalk-marl in (Cambridgeshire is from ()0 to 
70 feet, and its upper beds, underlying tlie Totternhoe 8tone, are well 
exposed in the large ipiarry at lleucli and in the northernmost 
quarry at Burwell. 

At Ileach a face of about ih) feet is seen, the highest beds being 
tough and blocky, drying to a dull greyish w^hitc and being then 
fairly conqiact^ ; they are not nadly bedded, but 8}>lit into large blocks 
with curved and largely conclioidal fractures, and the wliole mass 
is divided by strong joints ; Ibis “ clunch,” as it is locally called, 
passes down to a softer and darker brownish-grey marl which 
towards the bottom of the seeiioii shades into a bluish shaly marl, 
these lower beds containing Jnoceranms latus^ Ammonites varians, 
and other fossils in some abundance. 

The lower part of the Chalk-marl, as seen in the numerous 

* Phil, Mag. 1835, vol. vii. p. 180. 
t Quart. Joum. Geol. Soc. vol. xxv. p. 190. 
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Ooprolite-pits between Cambridge and Soham, is a soft, argillaceous, 
bluish or greenish-^ey marl, containing many small Brachiopoda. 

The Totternhoe Stone is inrariably found at the top of the Chalk- 
marl throughout Buckinghamshire, Bedfordshire, and Cambridge- 
shire ; and the most northerly point to which it has hitherto been 
traced is the village of Bur well, in Cambridgeshire, where there are 
large quarries and good sections. These have been described in the 
“ Geology of the neiglibourliood of Cambridge ’’ (Mem. Geol. Survey), 
so that a brief summary need only l)e given here. The stone is gene- 
rally spoken of as a grey sandy chalk, but the roughness Jind apjjarent 
sandiness is probably due in great part to the quantity of the com- 
minuted fragments of /aocf'/Ynvias-shells which it contains. Its 
basement-bed is a remarkable stratum, consisting of hard, grey, 
gritty stone full of green-coated pliosphatic nodules, which vary in 
size from that of a j)ea to that of a walnut or small potatoo ; the 
thickness of this layer is from six to twelve inches and it is locally 
known as “ braasil.” At Burwell the uppermost bed of the stone 
is a course of compact grey frciostono, about 3 feet thick, which 
is known as the “ bond course and forms the beat building-stone 
of the quarries. The whole thi(‘kness of the Totternhoe Stone is not 
exposed in any of the sections, but is seen to Ixj more than 13 feet. 

The first localit}^ beyond Burwell where wo found traces of this 
stone was in the; shallow cutting on the now railway noarly a mile 
north of Fordham Htation. Much waf er is thrown out hero, and as 
a level piece of ground has been left by the removal of material 
between the rail and the road, shallow trenches liave biam dug to 
facilitate the escape of the water ; these excavations expose a 
portion of the hasement-bod of the Totternhoe Stone, which is full 
of greon-coated nodules like those of Burwell, and contains somo 
fossils, such as J^ecten fis-sicostaf Eth., and J^JujurhotK-lld Grasianu, 
d'Orh. Only the bared outcrop of this bed is seen, and it probably 
dips eastward, the general features of the country siigg(;sliiig that 
the long ridge on wbicli the eastern part of Fordham stands coincides 
with a shallow synclinal trough. The cutting north-i'iist of this point 
is chiefly through a kind of chalky wash overlain by a gravelly soil. 

The “ clunch-pit three fuilongs N.K. of Fordham Church a])])ears 
to be in the top of the Chalk-marl, just below the horizon of the 
Totternhoe Stone ; hut we found fragments of the stone near the 
windmill three quarters of a mile I^.N.E. of this, so that the hill oast 
of the mill is probably an outlier of grey chalk based on the Stone. 

At Isleham there are two large quarries, which have been worked 
for many years ; both of these show sections of the Totternhoe Stone, 
very like those of Burwell, but the base is not exposed and there is 
no bed comparable to tlie bond course ’’ of that locality. The 
beds seen in the oldest quarry south of the church are : — 


feet. 

Soil and rubble 2-3 

Firm greyish-white chalk 4-C 

Hard grey chalk mottled with darker grey in thin 

beds and known as “ the hards** 2-3 

Grey stone in massive blocks, seen for 6 
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The Totternhoo Stone is called “ the blocks ” by the quarrymen, 
and they stated that these extend for another 6 feet below the level 
then exposed, another course being then reached, which they call 
“ the greys,’' and water comes in at 8 feet down. It would appear 
therefore that the stone is hereabout 12 feet thick, excluding ‘Hhe 
hards,” which are perhai)s more fitly classed with the overlying 
chalk into which they merge. The blocky stone is burnt for lime, 
but is also used for walling and for small buildings when required. 

The other quarry is about a quarter of a mile east of the church, 
and exposes a rather deeper section, but without sliowing the base 
of the stone. At this pit we were informed by one of the workmen 
that he liad found a number of large stones in a hole at a depth of 
22 feet from th(5 surface ; according to his account it was a cavity in 
undisturbed chalk, and the stones were mixed with material like 
rotten wood or decayed bones. We came to the conclusion that it 
may have been a stone-laden mass of drift-wood which had sunk to 
the sea-bottom at this vSpoi. and been imbedded in the Totternhoe 
Stone. 

The railway-cutting by Islcham Station doubtless traversed the 
Tottcrnhoci Stone, but it is now so grassed over that nothing is 
visible, and the outcroj) on the other side of Frcckcnham Hock is 
entirely concealed by a wide s])rcad of gravel. 

The well at the Isleham waterworks, about/ half a mile west of 
Isleham Station, gave a nearly complete section of the Chalk-marl, 
the details Ix'ing as follows, ac(;ording to Ikir. Hook of Sohain, who 
made t/he boring : — 

feet. 

Well yuiik in (1i:ilk 27 

iJoi-ed in (.'bulk-marl with the Coprolilo-bed at 


bottom 27 

Bored in Ouult. for 23 


77 

Crossing the river Lark hy West-ltow ferry, wo come t/O the large 
quarry which has heeu elsewhere d<‘.seril)ed and which is 
remarkable for (‘xposing a baud of pink or light red chalk similar 
to one of those which occur in Lincolnshire. We need not repeat 
the details of this section, hut- may say that the bods are clearly in 
the grey chalk and must bo some distance above the Totternhoe 
Stone. 

The “ clunch-pit,” marked on the Ordnance map near the words 
“Western Ditch,” is ]iow disused and turned into a garden; but a 
small exj)Osure bencalli the hedge shows hrownish-grey gritty stone, 
having the appearance of TotL'rnhoe Stone, an ident ification which 
was afterwards confirmed by microscopical examination. We 
followed the slight feat lire made by the outcrop of this stone as far 
as Beck How, the direction of the strike being about N.N.E. ; but 
beyond that place the feature is completely obscured by the blown 
sand 'which overspreads so large a part of this district. 

* Geoh Mag. dec. iv. vol i. p. 74 ; and Brit. Assoc. Eep. 1886, Sect. C, p. 664. 
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On the north side of the Brandon Kivcr, near Hock wold and 
Feltwell, grey chalk is again above the Fen-level, but none of the 
pits expose anything which we conld identify as Tottcrnhoe Stone. 
Grey blocky chalk in which we could not find any fossils, but which 
must be between this horizon and the Melboiirn Ko(;k, is seen in a 
quarry by the main road two furlongs north of llockwold. To ihe 
westward, near Hockwold Grange, there is liard blocky grey chalk or 
“ clunch,’’ which appears to belong to the upj)er part of the Chalk- 
marl. A weathered exposure of this grey chalk occurs in an old pit 
near the Grange, Ammon I tea var Ian a and /n<wtyamus lalns being here 
as abundant as in tho large quarries near Ileach. vVt a small lime- 
kiln by the road, tlircc furlongs north-east of tho Grange, we saw 
abo\it20 feet of blocky grey chalk, which more rcsemblt'd that above 
the Totternhoo Stone at Cherry Hinton than an 3’ ])art of the Chalk- 
marl, and the only fossil found was Ainmontie^i rhotoinfftfcnttiff^ which 
is not common in Chalk-marl ; still the distance hidwecn the two 
exposures is so small, and the diticronco of level so slight, that wo 
believe the latter to be still in the IMarl. 

There is another small pit by tho roadside, north of White Dyke, 
and in the lower part of this aro some hard daik grey beds with 
lumpy irregular surfaces, which gr(*atly rt'semhh) the beds overlaying 
the Tottcrnhoe Stone at Isleham (see ]). 55-1), hut we afterwards 
found that similar beds appeared in tho (jhalk-marl. 

South of Feltwell St. Nicholas, and near tho windmill marked on 
the map, is a quarry from tho face of which adits or t/unnels have 
heoii driven, and the following section is exposed : — 

feet. 


4. Chalky soil 1 

3. CreviHli-while chalk, rather liard 10 

2. Hard grey chalk in thin irregular beds mottled 

with darker grey pipings, about .^) 

1. Solter and lighter blocky chalk, seen for 10 


20 

The hard beds are like those at White Dyke, hut the chalk below 
is certainly not Tottcrnhoe Stone ; it rcsem])]os the Chalk-marl of 
Hockwold Grange, and the comparison is confirmed by microscopical 
examination. The caves are excavated in this ])locky chalk, the 
lower part of tho hard beds bciug also remov(;d, leaving the upper 
part of the latter to form the roof. If those grey beds aro tho 
same as those of White I)yke, we must infer tho existence of a 
fault to accouut for their position at Feltwell on a higher level and 
more than a mile eastward of the former place. 

Small pits exist near the edge of tho fen north-west of Felt- 
well, and near Methwold Hitho, hut do not expose anything of 
interest. 

In the large quarries at Stoke Ferry we were able to identify the 
representative of the Tottcrnhoe Stone, and the underlying beds 
must therefore be referable to tho Chalk-marl. Of these 22 feet 
are exposed, and they consist of hard blocky dull white chalk, which 
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clinks under the hammer, and has a yellowish tin^e on the weathered 
surfaces ; no one would at first sight identify this with the Chalk- 
marl of Cambridgeshire, but its position is sufficient proof of its 
being on the same horizon, and it is similar to the hard blocky chalk 
of Feltwell and Hockwold Grange. 

The section exposed at Stoke Ferry is as follows (fig. 3) ; — 


Fig. 3. — Bection at Stolce Ferrij^ partly seen in the quarry, and 
partly proved hy horiny, (Scale Jj inch to 1 foot.) 



Soil and gravel, about 

Hard wliiiisli chalk passing down into 
greyish chalk 

"Tough grey sandy-looking clialk becoming 
harder below and containing many 
J yellowish jihosphatic nodules near the 
base, whore it passes into a whitish 
chalk mottled and patched witli grey. . . 


Hard whitish chalk, without definite 
bedding-planes and weathering to a 
rough lumpy surface (Chalk -marl) ... 


Boring. 

Rubbly broken chalk 


Greyish shelly chalk in alternating harder 

and softer beds 

J The saine wilh biitr-eoloured .stains or 

blotches 

The same as ab- vc, but harder 


Boflfci'r tjreviHh material with mobtlin^s of paler 
bluish-j^rey 

'Hard liplit bufT-coloured chalk, shelly, streaked 
with black (? oxide of manfjaiiese) in the lower 

4 feet 

Dull grey chalk, rather shelly, but not so hard 


Soft whitish marl with a harder lump here and 
tliere, but mostly cutting like cheese 


Rather hard greyish sandy marl with yellowish 
streaks, containing glauconite grains and 

. small phosphatic nodiues 

Stiff dark-blue clay proved to 


feet, 

4 

11 




•22 


14 

1) 

3 


5 


11 




Gault 
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We think that there can he no doubt about this glauconitic marl 
being the representative of^ the Cambridge Greensand (Chloritic 
Marl), and by adding the thickness shown in the boring to that of 
the chalk between the quarry-floor and the base of the Totternhoe 
S>tone, we get 75^ feet as the total thickness assignable to the 
Chalk-marl. 

The Totternhoe Stone has no definite top or base, even the “brassil ' - 
like line of nodules being rather at the top of the mottled band than 
at the base of the grej" chalk ; this mottled band evidentl}^ consists 
of two distinct kinds of material, and looks as if it had been originally 
a layer of white (halk in which pi]K‘s and hollows had been excavated 
and filled up with the grey mat(‘rial : its depth is about 12 inches ; 
it and the grey stone above sjdit together into large blocks. None 
of the chalk in this quarry exhibits any distincit planes of bedding, 
but the band of Totternhoe Stone is fairly consjncuous on account 
of its grey colour. 

The ridge formed by the hard beds of th(^ Chalk-marl and 
Totternhoe Stono runs for some distance h(;yond Stoke P(‘rry, its 
strike being to the N.W. ; but near Weroham it^ is Cii])ped and 
partially concealed by thick deposits of gravel. About a mile north- 
west of Wereham, and half that distance from West Dcrtdiam Church, 
there is a quarry exposing the following s(^ction : — 


feot. 

Soil and chalk-rubble 

Kathor dark grey tliiii-bedded gritty chalk 3 

Yellowisb-grey marly chalk with many very hard 

lumps on the weathered surface 8 to 12 


The lower beds resemble the hard Chalk-marl of Stoke ; but 
though the bed above had some resemblance to Totternhoe StoiKJ, 
there were no signs of the “ brassil ’’-like nodules whicli ho invariably 
occur near its base. Wo think therefore that it is probably one of 
the hard(.T beds of the Chalk-marl like those passed through in tlie 
boring at Stoke. 

At Crimplesham the Chalk-marl passes beneath tho Jlouldor-clay, 
by which it is entirely concealed for a space, and the next exposure 
seen was in a small quarry at Shouldhain by the roadside south of 
tho church. Hero about six feet of tough yollowisli-grey chalk in 
lumpy and irregular beds overlie two feet of soft grey slialy and 
silty marl, which is full of small green glauconite grains and con- 
tains many small groen-coaied phosphatic nodules ; Avicida 
plimouhs is abundant in this glauconitic marl, and wc have no doubt 
that this bed is identical with that found at the bottom of the boring 
at Stoke. We could not reach its base on account of the water 
which stands in the quarry ; but the standing water testifies to the 
existence of impermeable clay below. Shouldham itself stands on 
the clay flat, which is, however, much narrower than at West 
Dereham. 

This Glauconitic ^farl is very similar to some varieties of the 
material which forms the basement- layer of the Chalk-marl near 
Q. J.G.S. No. 171. 2r 
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Dunstable and Trinpj, beyond the southern termination of the 
Cambridge Greensand. In that district the basement-bed has a 
very variable composition, especially as regards the glauconitic 
ingredient — sometimes it resembles ’what is (dsewhen^ called Upper 
Greensand, sometimes it is a laminated calcareous and micaceous 
silt without visible grains of glauconite. Evcrywliere, however, it 
is charact{Tiz(‘>d by the presemee of Avknla ffryphvoides, and it 
occasionally contains small phosphatic nodules. The principal 
difference betwe(in specimens from Norfolk and Bedfordshire is that 
micac(‘Ous spangb^s an^ more obviously abundant in the latter, the 
Shouldham bed Ix'ing lighter in colour, as if mon^ j)uroly calcareous. 

Before passing to the s(?ctioiis north of Shouldham, we may call 
atttmiion to Uk^ fact that tln^ soft whitish marl which overlies the 
basoTuent-bed in the St oker boring ap])ears to ])t^abs(‘nt at Shouldham, 
the h.ard butf-(u)loun‘d chalk which is seen at the latter place 
rescnnhling tliat whicli is 1(> feet above tlie glauconitii*. marl at 
Stoke. Tliis ohs(U’vaiion RUgg(‘sts lln^ ])ossibi]it 3 ’ of some 10 feet of 
the Chalk-marl liaving thinned out northwards, or having passed 
into a moHi piindy c,alcar(‘ons and solid form ; and w(^ think this 
idea fiirnisln's an i?xplanation of the gr(‘at chungt's which take place 
further north. 

Th(‘ outcrop of the Totternhoe Stone must (unorg(‘ from beneath the 
Boulder-clay soim^vvlKTe south of Pincluim, and skirting the ridge 
below Eincliam IMill, it doubtless runs along the slope whicli lies 
on the east sid(i of the road to Marhain. We did not notice any 
traces of the stom* in Ihis district, but snbse(|nent ex])(‘ri(mco in the 
country to tlu' noifb would lead us to think the Totternhoe Stone 
would occur at .^larbam some 50 feet b(dow the Mclbourn Bock, 
which is (;xj)OS(m 1 tlu'n*, and conseipiently that its outcrop cannot he 
far from the church. 

At the foot of ^larham Hill a strong sjiriiig issues from an horizon 
which must ht^ low down in th(^ Chalk -mail, and a deep wateroourso 
has been cut for the ('senping water along tlie side of the road which 
loads to the Turf Fen. In this <litch, at a point somewhat less than 
a quarter of a mile* M ost; of the church, we found a bed of Glauconitic 
Marl, the microsco])ical examination of which ])roved it to he 
identical with that at Sluniklham and in the boring at Stoke Ferry. 

No important exjiosuro of the Chalk-marl or Totternhoe Stone 
was seen for some miles north of Marliam, hut at Gajdnn, in a 
disused pit just west of the one in whicli lime is still burnt, the chalk 
at the base of the exposure is hard, greyish and gritty ; and as it 
proved under the microscope to contain green grains, it is probably 
close to, if not actually the top of, the Totternhoe Stone. 

The remarkable change in the lithological character of the Chalk- 
marl which wo have shown to be gradually coming on as we 
progress northward is still more marked in the exposure in a pit 
about half a mile N.N.E. of Boydon Church (for section see p, 550). 

The hard, grey-coloured, gritty chalk seen here has much of the 
character and appearance of Totternhoe Stone, for which it was 
taken by Mr. Whitaker. Beneath it is creamy-white material, very 
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hard, into which the dark-coloured gritty chalk above is let down by 
pipes or mottlings for a foot or more ; becoming more yellow towards 
the base, it passes into a grey-coloured marly clay, which contains 
Jielemnites, 

But the identification of this clay with the Gault, and tlio know- 
ledge we hiive gained from the stud}’^ of the beds at tliis horizon, both 
in this neighbourhood and further to the north, show's that th(^ true 
stratigraphical position of the hard, grey, gritty chrilk, with the 5 ft. 
of lighter-coloured material beneath it, must be at the base and not 
at the top of the Clialk'Hiarl. 

We have he.ni a section analogous to that seen immediahdy above 
the Bed Chalk in iho. dills at Hunstanton, viz. hard, creamy-Avhito 
limestone overlain by gr^'V and gritty (thalk wdth a layer of green- 
coated nodules at its l>ase, the so-called sponge- and /aocc/vn>ia.s’-beds. 

Though bctw('(‘n this hard chalk and the GauK^ the glauconitic 
bed of Stoke TtuTy and Sliouldliam appears to bo wanting, yet the 
occurrence of Aviail(t ifrifplKPohlea at the base of tlu' bard Glialk- 
Tiiarl, both Iku’o and in tlu^ Grimston brook, is a ])alaH;)iitological 
link whieli confirms our r(‘ading of the strata in ibis area. Tlio 
low'er x>ii‘rt oftbe liard Clialk-marl seen in the banks of tli(‘ brook at 
(Himston and at the Sow's Hoad spring bas been descrilxMl (s(‘o ro/h). 

AV(' recogiiizo, tbe (Sjuivabrnt of the Tott('rnboe Stoiu; in an old 
]>it three ([uarters of a inih^ N.E. of Sandringham Church. It is 
liere a bed of hard, grey, gritty st()n(‘, feet thick, with a 
of grcen-coated nodules at its base. Bt^low'^ it x)ass(‘s al)ruptly to 
hard cn^amy-wdhte inaU'rial, which W(* refer to tlie Clialk-marl. It 
is ovt^rlain by ratbei* bard, dull, •whitish chalk, the difibrcnice of colour 
in the chalk above and below the stone showing it in sonu^ redief, 

A fine ex])Osur() of the lowest ])art of the Lower (fiialk occurs in 
the parish ])it ol‘ Dersiiigluim, and was desttribc'd by Dr. Ikirrois in 
1870. Hr, Barrois *', liownwcr, never assigned to tlu^ Tottornhoe 
Stone its true idace in tbe serms ; ho at first su]>pos(‘d this stone to 
be on the horizon which we now call the Melbonrn Bock, and sub- 
sccjuently he w'as led to regard it as belonging to thc^ very lowest 
part of the Chalk-marl f. Con sequcntl}^ when lie visited Norfolk 
in 1875, he was quite* uiqirepared to identify any representative of 
tho Totternboe Stone which might there (*xist. No geologist, 
however, excels Hr. Barrois in careful accmracy of observation, and 
accordingly we find him recording a layer of hard, rolled, yellowish 
or greenish nodules at a certain horizon both in tho Hersingham 
and Hunstanton sections. This layer of greenish phosphatic nodules 
is identical with the “ Brassil ” of Cambridgeshire, and lie.s at the 
base of the band of grey rock which we identify with tho Totternhoe 
Stone. At Hersingham it may be traced all round the jiB, though 
the nodules are more abundant and the layer thus more evident in 
some places than in others. The band of compact grey chalk noticed 
by Hr. Barrois as occurring above this is the Totternboe Stone. 

* 0. Barrois, “ Recherches sur le Terrain Cretac6 Superieur de I’Angleterre 
et de iTrlande,” p. ItiO (Mem. Soc. G6ol. du Nord). 

t See Ann. Soc. G6ol. du Nord, tom. iii. p. 145. 
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Knowing that the base of the Chalk-marl could not he far beneath 
the floor, a boring was made to ascertain whether it rested on 
Gault or lied Chalk. Below is the complete section of this exposure 
combined with the results of the boring (fig. 4) : — 


Fig. 4. — Dm(fram of the section shown and ohtained hy boring in 
the Dersingham Parish Challc-piL (Scale ^ inch to 1 foot.) 

feet. 

. I Soil and clialk-rubble 1 


(rrry Chalk. / 



Tliin-bodded, or plafy, ratber hard, 
whitish chalk 1(> 


Hard, tough, grey-coloured chalk in 
massive beds, a layer of green-coated 
nodules at its base * 2^ 


Hard creamy- white chalk ])assing down 
into greyer and parted by jointing into 
massivo’beds 8 


Poring. 

Hard chalk, becoming grey and more 
gritty downwards, at its base the auger 
evidently pa.ssed tlirongh yellowish- 
grecn-coaled nodules {Tnoceramns- 
bed) 


White, exceedingly hard, compact lime- 
stone (8pongc-bcd of Hunstanton) ... 14 

Softish, greyish-white mar] (dries white) 2 
passing abruptly to 

Pale yellowush -buff material, hard and 
compact at first, becoming softer and 
browner, and passing gradually to ... 25-3 

IModerately hard, clayey marl, mostly n^d 
in colour, but streaked or blotched 
with tawny brown, a sandy vein near 
the bottom 2-24 


Carlton 


> Carstone proved to 1-1^ 


The section given by Dr. Barrois of this pit is very similar to our 
own, as follows : — 


* Represented too thick in tlie cut. 
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feet. 

Compact whitish or greyish marly chalk with many fossils ... 12 

Hard clialk with layer of nodules at base 3 

Hard wliite chalk 1^ 

Hard greyish-white chalk, rather sandy 9 

If the above section is compared with that of the Hunstanton 
cliff on page 5()2, the analogy between them is seen to be very 
striking. Jn both cases w-e have the same descending order of 
succession, viz. grey chalk, hard grey Totiernhoe Stone with a layer 
of green-coated nodiihis at its base, overlying hard creamy-white 
Chalk-nuirl, wliieli passes down into the greyer tiiid more gritty 
I7ioc€mniii8-l)od ; beneath this the whiter and more compact sponge- 
bed rests in the one case on the Gault, and in the other on the lied 
Chalk. 

The section shown in the ])it about half a mile S.K. of the church 
at Snettisham is almost identical with the last, as follows : — 

f(M't. 


Soil and nibble 1 

Grev f Hat lu‘r hard chalk, dull wliito wcatluM’ing in iiJiity 
Chalk. \ lavons 8 


Tottcrnlnjc J Hard, greyish, massively bedded chalk, with an ill- 

(leliiied layer of gn'on-coa.ted nodules al ils base 2.^ 

Tl.ard, creamy-white chalk passing down into greyer 
and more gritty material, the wliolo diiided by 
joinliug into massive beds 1,5 

"We again recognize as the Tottornhoe St one the massively bedded 
layer 'W'hicli is a proniinejit feature in the face of ilu^ ])it. 

At the large (piarries at Jlcachani the TotternlnH^ Stone is again 
exposed as a bod of hard, grey, flaggy chalk with greon-(*.oated nodules 
at its base. If anything, tlie underlying Glialk-niai l is of a purer 
w^hite, showing up the darker grey stone in relief. Hardly so mucli 
of the marl below it is shown as in the ]>receding ex])osures : but its 
thickness cannot be great, for tlio outcrop of tlie lied Chalk is seen at 
the ent]*ance of the* |)it. The pit is 'worked in two sections, anuppcT 
and lower ; the wliolo, which shows a continuous section of the Lo'wer 
Chalk, is given on page 570. The sectioji of the lower part is : — 

feet. 

Soil J 

Grey chalk about 30 

Totteruhoe rKatlier dark-grey, hard, gritty, chalk with green- 
stone. \ coated iioduhvs at its base 2 

Ohalk-marl. Hard creamy-white Chalk-marl seen for 12 

The final exposure of the whole of the Chalk-marl, with the 
Totternhoe Stone and basal part of the Grey Chalk, can be seen in the 
cliffs at Hunstanton. The section (fig. 5) -was taken a little to the 
north of the lighthouse. 

The Totternhoe Stone is seen coming in with the gradual inclination 
of the beds a little to the south of the lighthouse. It forms a 
marked feature in the cliff face, its dark grey colour contrasting with 
the material above and below it. Except at one point it cannot ho 
reached. Here the green-coated nodules can he seen at its base ; 
they can also be detected in fallen blocks, which may be known by 


Stone. 

Chalk- 

marl. 



Yis, b.—SeftloH of Cliff near the Lu/hthouse at EunstanUm. 
(Scale ^ inch to 1 foot.) 



The Chalk-marl presents no different characters from those already 
described ; it may be seen passing into the greyer and coarsely gritty 
Jnoceramt4s-bGd, which contains green-coated nodules, sparingly 
distributed at first, but forming a Brassil-liko layer at its base. 

As already mentioned, Dr. Barrois noted the occurrence of the 
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band of nodules beneath the Totternhoe Stone, but he failed to 
recognize the true horizon of the latter, correlating that stone and 
the overlying beds with his zone of Belemnites jdenm. The list of 
fossils which he gives as obtained from these beds shows an assem- 
blage which might have been obtained from the Totternhoe Stone of 
Burwoll or Cherry Hinton. 

In 1880 one of us suggested that the InoceramusA)Qdi^ might be 
the representative of the Totternhoe Stone, thinking that the whole 
of the Chalk-marl must have thinned out between Cambridge and 
Hunstanton, and not imagining that it could have passed into such 
hard chalk as that which forms the lower part of the Hunstanton 
section. The recognition of the Totternhoe Stone above the hard 
Chalk-marl of Stoke Perry and the discovery of similar stone in a 
similar position at many intervening localities have, however, con- 
vinced us that the Inoceramus-hQdi^ lie below the real representative 
of tlie Totterjihoe Stone. 

The white nodular limestone (so-called Sponge-bed) which directly 
overlies the Hed Chalk is about a foot and a half tliick, and sepa- 
rates readily from the beds above and below ; the inequalities 
bc'tweon its under surface and the lied Hock are tilled with a deep- 
red, nodular, ferruginous material, which Dr. Johnstone informs us 
consists largely of peroxide of iron. We think there can bo little 
doubt that this whii/O limestone is the same bed jis that ovorlyhig 
the marly Upper Gault at Grimston, Hoydon, and Dersingham, 
its character and thickness at the last-mentioned locality being just 
the same as at Hunstanton. The great importance of this identi- 
fication has already been indicated (p. 552), and will be more folly 
discussed in the sequel. 

The lied Hock \)elow is certainly divisible^ into two portions or 
layers, if not into three, tts under : — 

‘5. Hard lumpy reddish chalk, or mottled red and white. 

2. Hough, nodular, red limestone passing dowJi into 
1. Deep red gritty rock, softer at the base. 

The commonest fossils in 1 and 2 are Btlcuiniies minhmis and 
2'trehratula hiplicata^ in 3 Ea'ogi/ra liauli niana and lu'okon sh(‘,Us of 
hiocerami. Por further details respecting this wc^ll-known rock we 
may refer our readers to Mr. Wiltshire’s paper (tlu art. Jouru. GeoL 
Hoc. vol. XXV. f). 185), 

C. Zones of Holaster subglohosus, Helcmnitclla plena, 
and Hhyiichonella Cuvieri. 

In Cambridgeshire tlu^ chalk which overlies the Tottemhoo Stone 
presents the following succession in descending order : — 

feet. 

Rough, nodular, shelly chalk 40 

Sandy, yellowish, nodular rock in tliick beds (Mel- 

boumRock) about 8 

< Sbaly marls enclosing band of hard white ^ludk 

(zone of Bel. plena) 4 

Firm white chalk passing down into whitish chalk, 

which changes rapidly into next 60 

( Grey chalk, blocky and fine-grained 30 


Base of 
Middle 
Chalk. I 


Lower J 
•Chalk. 1 
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Part of the above succession can be seen in the quarries at 
Swaffliam Bulbeck, west of Newmarket, but there are no good 
exposures north of Newmarket. When the liury and Soham rail- 
way was being made, in 187^^ Mr. Wlii taker recognized the 
Mcibourn Hock n;nd its ujiderlying bands of slialy marl (zone of Bel. 
plena) in one of the cuttings soutli-west of Bnailwell ; and it is pro- 
bable thattli(‘. springs Avhich rise below the church at Snail well issue 
from the M(3lbouni Hock. 

The outcrop of tlui Melbourii Hock is an important lino to trace, 
because it fixes th(3 uppermost limit of the Lower Cluilk and the 
base of the JMiddle (Jhalk. It probably runs through Chippenham 
Park, and then ]){isses h(UU‘ath the great, spread of valley-gravel 
which lies bet/We(in Chippenham and Kennet ; north of Kennct the 
couni;ry is cov(‘red by blown sand, but lu^ar W( >1*1 ingt on -Heath farm 
there is a pit. <3X])osing t he lower beds of ih(‘ zone of yiV/y/ya7n Cnvitri 
and what sca ms lu he thci topmost, bed of the rock itself. The section 
was as follows : — 

feot. 


Gravelly soil and rubble 4 

Hard, nodular, wliitish rock in Uiiri In^ds, full of 

JiKiccramv,^ my t Holder and Jihynch. Ok vice/ 4 

Thin seam of greenish-grey marl. 

Hard nodular ro<*ky chalk, \^hito witli greenish 

lunt.ler bc'l.ween the lumps (no fossils) o 

Tulu.s hiding elialk below 4 


Tho Ix'ds ap]uar to have a. slight dip du(3 east. 

The gravel which forms sneh an (‘Xtensivt* tract betwe(‘n Frt'sk- 
enham and AVorlington s(H'ins to be haiikc'd against llie ridge formed 
by the outcaoj) of tin* Medbonm Hoek, and ibis will act'onnt for tin* 
sudden emergence of tlu; Chalk from Ixmeath tlu' gravel ])lain. The 
rock is agaiji seen in tin' eutling on tin* new railway to IMildenhall, 
just, south of Worlinglon House, and it a]>]>ears to have been formerly 
quarri('.d by the side of the main road N.K. of that house. 

On the north sid(3 of the river we could not find any trace of it, 
the large quarries at: West How being opened in the grey chalk, 
which here contains a remarkable hand of reddish chalk ; the details 
of this stiction have been given elsewhere and need not be repeated 
here. 

Mildeiihall itsedf stands on the hard, shelly, yellowdsli chalk of the 
zone oi lihynehoni lla Cnvu rt^ chalk of this description and containing 
that fossil together W'ith /itocennnns inyfiJuiden and Evliinocomts 
suhrotundvs being exposi'd in a small pit at tho east ojid of the 
town. 

The chalk by the roadside, a mile and a quarter north-west of 
Mildenhall, appears to be tho wldte hloeky chalk 'which forms the 
upper portion of the zone of Holaster sifhylohosus^ and the outcrop 
of the Melbourn Hock must therefore sweep round the western and 
northern sides of the town to the south end of the long inlet of fen- 
land which runs by Eriswcll. All the exposures W'hich we could 


^ Aseoc. Hep. 188G, and Geol. Mag. dec. iii. vol. iv. p. 24. 



OF THE UPPEE CRETACEOUS IN WEST SUFFOLK AND NORFOLK. 505 


find along the eastern side of this fen are above the horizon of the 
rock ; thus an old pit by the side of the main road, five furlongs 
S.E. of Eriswell Church, shows chalk with many fragments of Ino- 
ceramus mytUonUs ; this wo regard as high up in the zone and 
oonsequenliy at some J-JO feet above the base of the rock ; tlie pit 
itself may be about 25 feet above the level of the fen, so that the 
outcrop of the rock is pi’obably just at the (ulge of the fen near 
Eriswell, a position which it appears to hold for some distance 
northward, as far as Lakenheath. 

The lowest exposure wo could find near Eriswell was in a small 
pit about a mile north of that place, when' we found hard chalk 
containing lihynchonulla Cnvierl and Jnocerainifs mytUoidcs ; tliis 
cannot be far above the Rock. Royond this the country is deeply 
covered wiih blown sand. 

At Lakenheath, north-east of the cliureh, tJiere is an extensive 
quarry exposing about 50 feet of hard Jumpy or nodular chalk 
which clearly belongs to the zone IthyiicJioiielld Ciwierl. It besirs 
a striking resemblance to the chalk of llu^ same' zone (^x]>osed in the 
quarry and rail-cut (ijig north of Coring in the valh'v of the Thames ; 
the weatlu'red faces ])resent a rubbly ap]H*ai’ancc‘ with hirge lum])S 
of harder rock standing out here and then', but not forming any 
continuous bed ; Echltioconns suhrolfuifltts was fairly common, but 
other fossils were not abundant exce])l at. the lowest level lU'ar tlui 
entrance, wliere harder and more regularly bedded nodular yellowish 
chalk is ex])()S(ul, full of J inytlfoidex^ and like that which 
always overlic^s tlie ^Melbourn Rock. The workmen informcul us 
that a few feet below the iloor of this ('xcavation they M’ore stop])ed 
by water, so tliat here the rock a])])ears to Ix^ ])(dow the h'Vel of th(^ 
adjacent fenland, which is only about 5()0 yards from tlui mitranco 
to the quarrj'. 

More than two miles N.N.E. of Lakimhc'-ath and a little "way 
south east of the railway^-station thercj is a small j)it close to tlie 
edge of the fen, which we did not visit, but in whicdi Mr. Whitaker 
subsequcmtly found Inocvranais rnytiloi(fefi and Echinoronus siih- 
rotaii<his,so that it is doubtless in the same beds as the large quarry 
at Lakenheath. 

Crossing the alluvium of the Brandon river find ourselves on 
Lower (dialk, as already mentioned ; and though the ridge above 
Hoekwold is doubtless partly due to the outcrop of the Mfdboiirn 
Rock, could not discover any actual evidence of its existence, 
the only quarry near Plockwold (three furlongs north of the church) 
being in Grey Chalk. 

On the Feltwell side this ridge sinks down into an undulating 
plateau, the natural features of which are masked by a drift of blown 
sand, and no pits have been opened along the course of the zone we 
have been following ; but at Feltwell St. Mary, in a diy^ pond by 
the roadside, a quarter of a mile N.E. of the church, we found a 
small exposure of pink chalk weathering yellow and exactly like 
that of West Row ; below it was a course of very hard nodular rock 
overlying soft whitish chalk, so that the agreement between the 
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two exposures is remarkable, although they are ten miles apart 
We may fairly assume that this red band and its associated strata 
are continuous across the intervening space ; and though we saw no 
traces of it further to the north, it is verj^ likely to extend as far as 
Methwold, and might be discovered by a careful search over the 
fields west of that village. 

At Methwold itself (south-east of the church) there is a large 
quarry nearly 40 feet decjp and exposing the hard rocky chalk of the 
llhynchonella-Cuvieri zone, overlain on the western side by about 12 
feet of stratified sand and graved. At thei north end there is less 


gravel, and the section is as follows : — 

feet. 

Soil, gravel and diaturbed chalk 4 

Hard luinjiy clialk with two thin bands of greyish 

marl at. the baao 8 

Ilard, yellowisli, nodular chalk with Hhynch, Cicvieri 
and other fossils 25 


37 

At the base a hole cleared of talus showed very hard, nodular, 
yellowish rock with fragments of Inoceranuifi mytiloideSf which greatly 
j’(‘.semblod the upper part of the Melbourn liock of Cambridge and 
llcrifordshire. 

From this exposure it is evident that the outcrop of the Melbourn 
liock runs not far to the westward of Methwold, and must sweep 
round into the valley which lies to the north of the village. Thence 
it runs iiorth-westw'ard towards Wliittington, foi’ining a well-marked 
ridge which crosses the main road about a mile south-east of Whit- 
tington ; a little beyond this point and by llio roadside is a quany 
in hard, yellowish, nodular clialk like that seen at Methwold, and 
containing most of the same fossils. 

To the north of Whittington is another quarry, which exposes the 
base of the !Melbouni Itock and its junction with the underlying 
beds; the section is therefore of much im])ortanco, inasmuch as it 
is the first quarry in Norfolk exposing this horizon, and its distance 
from the la-st exposure of the zone of J3eJ. jdena is not less than 20 
miles. The beds ex 2 ) 0 sed here are: — 

feet. 


Gravelly soil and rubble 3 to 4 

Hard, whitish, rough and rocky chalk, weathering 

into nodular lumps (Melbourn lloek) 7 

Band of buff-coloured marl enclosing loose lumps or 

nodules of bard ehalk 

Very bard, white, lumjy chalk, breaking with vertical 
joints (about 3 feet), passing down into bard 
blocky white chalk 15 


about 27 

The lowest beds have ti greyish tinge, probably from moisture, but 
would doubtless dry white ; these white blocky beds are comparable 
to the upper part of the Lower Chalk seen at Swaffham Prior and 
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Cherry Hinton in Cambridgeshire, but they pass up into a rock 
which is much harder and lumpier than any part of the Lower Chalk 
iu Cambridgeshire. The overlying baud oi marl is doubtless tbo 
attenuated reiuesentative of the zone of Belcmnitella plena, though 
its aspect is considerably didereut from that of its typical develop- 
ment. There is no clear separation into two layers, its u])per surface 
is not so clearly defined as in Cambridgeshire, and its total thickness 
is very ranch less ; the only fossils we could lind in it were Terehratnla 
semi(jlohosa and Jiln/ncJioneUa plkatilis, the latter being abundant 
and the same variety of that sp(5cie.s which is characteristic of the 
zone in Cambridgeshire and (dsewhere. 

The valle 3 ^ bctwecji Whittington and Bloke Ferry possibly" coin- 
cides with a line of fault, for the ridgci on the Stoke side, which 
should be a continual ion of Ihe Whili iugton outcrop, consists of 
Chalk-marl and Tollernhoe Stone. The oulero}) of the IMelbourn 
Bock appears to he thrown hack to the eastward, and emerges from 
under the alluvinin near Oxboroiigh, but little is seen of it for some 
distajice. In an old ])it l)y the roadside, near tlu^ windinill north 
of Oxboroiigh Fiui, wi^ found lumps of hard j cllowish ehalk con- 
taining MliyncJionelht Ctivlcri and I noveramm nn/filoldcs, evidently 
belonging to chalk not far above the M(‘lbouru llock. 

Thence there is a feature ruiming uoiihward along the border of 
Barton Fen, and then westward to a ])it about half a< mile south of 
Barton Beiidisli : here the base of the 3>Jelbourii Bock is again seen, 
together wit h some 30 feet of the und(‘rlying chalk. At the north- 
east corner the section is : — 


feot. 


Thin soil, with hard nodular chalk below weatlicrcd into rough 

]uini)S 4 

Yellowish, gritty, rougli, and nodular chalk, jmssing down into 

whiter nodular chalk, wliieli becomes soft and marly below 1^ 

Very hard, rough, white clialk (about H loci), passing d(twii into 
greyish -white chalk, which breaks into blocks wit! » a smootlicr 

fracture 12 

Talus below. 


The west end of the quarry is entirely in the greyish chalk, 
which contains a hard rocky hand ; it is thitk-bedded, and has a 
slight dip eastward. The marl band contained Ithj/nchoJiella ^lica- 
tilis, as at Whittington. 

At Marham lime-kiln, two miles further north, there is a similar 
section, showing about 5 feet of the Melliourn Bock overlying the 
yellow marly band ; the rough whit^ii chalk below is so hard that it 
stands out promiiiently in the weathered face and overhangs the 
blocky greyish chalk into which its lower part passes. The yellow 
band at the base of the rock consists, in the nj)])er part, of loose, 
j^ellow% rocky chalk, and in the lower of yellowish marly chalk 
and grey marl. At the north end of the quarry there is a marked 
band of hard nodular rock at ihe base of the hard white chalk ; but 
this seems to disafifiear southwards. 
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A little north of this quarry are two cottages ; and we are 
informed by the Ecv. H. J. Sharpe, Vicar of Marham, that a well 
was sunk hero some years ago to a depth of 85 feet, clay being 
touched at that depth and bored into for about 30 feet. The water- 
sui>ply runs short in dry seasons, and is probably therefore derived 
from the Chalk, the bore not having been carried far enough to 
reach the Low(T Greensand. As the cottagc's are very little below 
the level of the Mel])oiirn Itock, we may estimate; the thickness of the 
Grey Chalk, Totternhoe Stone, and Chalk-marl together here as 
about 00 t'oid; which is probably from 30 to 40 feet less than their 
combined t]iickiu;ss :ii Stoke Terry. 

Another large; (|uarry at Marham, south-east of the church, shows 
an exact count erjjart of the section at the first quaiTj^, and calls for 
no especial rimiark. 

Prom Marliam tlu; Mclhourn Hock can he followed along the 
ridge on which its outcroj) occurs, the rock itself being shown in 
one small ex])osure about two miles to th(‘ north of the ])roceding. 
Beyond this, tliongli we are abl(‘ to follow it by the cliaracter of 
the clialk and its C'ontain(;d fossils, tin; features usually formed by 
its outcrop may lu; said to b(‘ lost. The thinning-out and gradual 
hardening of the Lower Chalk in 'West Norfolk, as wa^ll as the 
Bcvore glaciation to which this county must hav(; been expos(;d, may 
account for this. The outcro]> of llie Gn^y Chalk is much hidd(?u 
beneath Boulder-clay or spreads of gravel, but si‘V(‘ral good sections 
occur. 

About- a mil(‘ south-east, of Narhorough Si at ion, hard rubhly clialk 
is seen in an excavation, mad(‘ probably to obtain material for the 
railway. The exposure^ is mucli ovm’grown ; but the character of 
the chalk iiidicatiul a elos<; apin’oaeh to the Bock. 

In a ])it lialf a luih' soulli-east of IVarborougb church, hard 
whitish chalk, similar to that lying iuimi'diately below the ilock, 
was exposed. 

Bo5mnd the valley of the Nar are st'veral ]>its in the chalk, but 
all above tlu' Melbourn Hock; a little below them a slight ridge 
may possibly indicate its outcrop. Wo are able to identify it again 
in an old pit close by tlu* ehnrch at Gaytonthor])(*, hard, yellowish, 
nodular chalk, with a rough fracture, being exposed. A large 
Ammonite, closely resiniibling in form and state of preservation 
specimens from the l^folbourn Bock of Hertfordshire and Cam- 
bridg('shire, was found here. 

A good exposure; of tlu; lowe'r part of the Grey Chalk occurs at 
Gayton. As is frequent 1)^ the ease in Norfolk, this pit is worked in 
two parts, an upper and lower, which, though separated hy a consider- 
able interval, yet form a continuous section. Tlie chalk seen here is 
not of the same character throughout ; it is rather darker grey at the 
base, and overlying this is a harder, more massively bedded layer, 
not xinlike that lying beneath the lied Chalk at West Bow. Above 
this the chalk is whiter, thinly bedded, weathering in thin platy or 
flaggy pieces. 
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The section is : — 

Upper Pit, feet. 

Soil and rubble 1 

Tliin-bedded, rather tough chalk, dull white 20 

Lower Pit, 

Rubble 1 

Firm-bodded white chalk 12 

Hard chalk, rather rough, parting along greenish 

marly lines, massively bedded 2.^ 

Massively bedded, greyish, marly chalk 12 


Beyond Gaj^ton a slight ridge, more or less marked l)}^ spreads of 
gravel and nowhere a pronounced feature, continues ; and near its 
summit, at Grimston, about half a mile sotitli-oast of the church, an 
old pit showed very hard and rough j^ellowish chalk at the top, with 
rather hard, but smooth, -white chalk beneath it. Microscopical 
examination proves the hard yellow chalk to be the .Melbourn Hock. 

An excellent exposure of the u])per part of the Grey Chalk occurs 
at Hillington, in a large pit in which tin? chalk is (piarried for lime- 
burning. As usual, tlui pit is in t wo S(*ctions, which are as follows : — 


Upper Pit. Icet. 

Soil and ruhhlo-ohalk 1 

Tliin-bcddcd, phvty chalk, hard, and much stained 
with yellowish; a thin hand of Imir-colourod marl 
near the top 10 

Lower Pit. 

Whitish, thin-bedded chalk 4J 

Thin, but ])orHistctitly ycliowisli-butr marly band. 

Hard, massively bedded, whitish chalk 4 

Bedded chalk, dull white, with greyer-eolourcd beds 
or bands 10 


The chalk in the lower ])art of this ])it divides into rather massive 
blocks along joints or veins of grecnisli-gn^y material, not. unlike 
that seen in the partings of the Melhourn Rock. Overlying this, 
and a marked feature in the pit-face from its massive^ ay)j)earaiice 
and thick bedding, is a. layer of whitish cbalk, which breaks with a 
clean fracture, and is in appearance and structun? like the firm 
Avhite chalk which we liave noted as underlying the Melhourn Rock 
at varying distances in Hertfordshire, Cani))ridgeshiro, &c. The top 
of this exposun* cannot h^^ far below the Melbourn Rock. The 
higher thin hajid of buff-coloured marl may he the atHinuated rejire- 
senfative of tln^ Beleiuuito-inarls of n(?r(for(l and Cambridge, 

In the rail way-out fing just north of Hillington Station, hard, 
yellowish chalk, with rough fracture and full of fragmcJits of Tnoce- 
7’amu.s-shclls, was seen. This is ]>roha.bly just above the Rock; 
proceeding up the cutting, the chalk gradually b(jcamc whiter, less 
shelly, and not so hard. 

It may be noted here that, for a considerable thickness, the base 
of the Middle Chalk of Norfolk is (jxtremely hard, a peculiarity 
which probably extends through the zone of RhyncJionella Cavieri, 
as at Dover. 

The outcrop of the Melbourn Rock probably follows the contour 
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of the wide transverse valley lying between Hillingdon and West 
Newton, at which place there are two good sections in the Grey 
Chalk, though they show nothing worthy of note. 

A few feet of the base of the Grey CLilk may be seen overlying 
the Totternhoe Stone at Sandringham and Dersingham. A large 
pit ill the central part of it occurs at liigoldsthorpc, and its base is 
again seen in the pit at Snettisham. 

Hard, yellowish, nodnhir chalk, but little above the Rock, is seen 
less than a quarter of a mile north of the church of Sherborne, in 
a small exposure by the roadside and just by an old quarry, the 
sides of which are now overgrown and its floor cultivated. Dr. 
Earrois says that in this quarry he could recognize the hard nodular 
bed (?. e. the Modboiirn Hock) which throughout England occurs at 
the base of his zone of Jnoceramns lahiaim. His list of fossils gives 
thos(i most common at fhis horizon. 

The Melboiirii Hock is well exposed in the upper part of the 
large quarry at Heacham. It is si^ini luu'e as a very hard, yellowish, 
nodular rock, with rough fracture, massivtdy bedded, and about 
six feet thick. Rbynchonella Cnvieri, Ecluneconus subrotimdm, and 
E. caslanea, with Jnociranms myitloidcs, occur. 

It is much weathered, and sjdits along greenish marly veins in 
tliiji platy ])ieecs, Avith a very rough, nodular, and uneven surface. 
The has(^ is clearly marked, hut it rests dir(‘ctly on hard white chalk 
without tlu^ intervention of a, marl-hand ; there is, however, a thin, 
layer of butr-eolouri‘d marl in the white dialk, about one fool- below 
the base of tlie Helhourn Hock, and a second is seen near the top 
of the loAver ]nt. These hands arc similar to those at Hillingdon, 
where they prolialdy occiqiy the same ])osiiion Avith regard to the 
Hock as they are seen t-o do in this casi‘. 

The LoAver Chalk AViaithers into thin platy pieces, with a more 
even surface and fracture, Avhich contrasts Avith the rough nodular 
surface of the Melhourn Hock. 

The entire sect ion of both upper and loAvcr pit is as follows: — 


Melboiirii 1 
Eock. J 

f 



Vpper l^it. 

Rough, iliin-bockled chalk and soil 

Hard, yellowisb, nodular rock, iiiassiTely bedded 

Thin-bcddccl, hard, ratbor rough, whitish chalk in two 
courses, separated by a thin, bidf-coloared, marly band . 
Thin-beddod, hard, whitish chalk ; base obscured by talus 

Lov'vr Pit, 


feet. 

3 

6 


2 

3-4 


Totternhoe 

Stone. 

Cbalk-inarL 


Thin-bedded, i)laty chalk, becoming more massively bedded 
in its lower part, but not equally so ; a marly band near 

^ the ton 30 

Ratlier dark-grey gritty chalk, with green-coated nodules 

at its base 2 

Hard creamy-white clialk-marl seen for 12 


It will be seen, therefore, from tbe section given above of both 
the upper and lower parts of Heacham quarries, that, with the 
exception of two or three feet of Chalk-marl, the whole of the 
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Lower Chalk of Korth-west Norfolk is here exposerl, and, like all 
the lower divisions of the Upper Cretaceous Series, it has thinned 
out, in a most remarkable manner, from about 150-100 feet at 
Cambridge to less than 00 feet at this point. 

In the coombe a little to the north-cast of the farm at Earret Eing- 
stcad there is a good exposure of the Melbourn Eock. It presents 
the same massive appearance as at Heacham. The section is 


■MciVbouTTi 

Roc*.k. 

Grey 

Chalk. 


Soil and hard ruhbly broken chalk 6 

Hard, rou^h, creamy -white chalk ^ 

tYcry hard, rowgh, yellowish, nodular rock in two massive 

1 beds 7 

f Thiu-bedded chalk, dull white in colour, weathering into 

■< thin phity pieces 12 

fMoro thickly bedded grey chalk 4 


It only remains lo note that 0 or 10 foci, of (hay Chalk aro 
shown above the Totternhoc Stone in the Ihiiistant on-cliff section 
(see p. 502). 


§2. PALAilOXTOUKa'. 

Taule L — Fosfilh of ilu> Gault, 

The following is a tabulated list of ilie fossils wo havK^ collected 
from the Gault of M'est Norfolk, tlui Iasi, coliniin showing how" many 
of them have also been found in the Ecd Eoek of Hunstanton : — 



o 

N 

N 

Dereham. 

Eoydon. 

(ft o 

II 

Pentaerinus Filtoui, Jasf 



... 


Terebratula bipli(fata, Sb//, (var. Du- 





tenipleaiia) 

* 

* 


♦ 

Kiiigena lima, Vefr 





Ostrea vesicuJaris, Lena 

* 

♦ 


















riicalula pectinoides, Sby 

* 

* 



Inoceranius sulcatns, Par/c 

* 


# 


concentricus, Par/c 

* 

* 

* 

- ♦ 






nrippsil ?, Mailt 










Nuciila pectinata, >S7>»y 

* 




Aporrhais, sp 

... 

* 



Ammonites interrupt us, Pruq 

* 

* 

... 

... 

lautus, Sby 



♦ 

* 

rostratus, Sb?/ 



♦ 

* 

varic(*sus ?, Mi.cJi , - 



K- 


Nautilus, sp 

* 




Belemnites minimus, List 

* 

* 

» 

¥c 

attenuatiis 

* 

* 



Fish-tooth 

# 
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It will be seen from this list that we succeeded in finding indubit- 
able Gault fossils at the Muzzle pit, where Messrs. Reid and Sharman 
could not discover anything to convince themselves that the clay 
was not Chalk-marl. As already stated (p. 540), the specimens of 
Ammonites inierruptus were mostly in the state of clay casts, a few 
only having their inner whorls preserved in phosphate, so that no 
doubt can exist about their being contemporaneous fossils ; and this 
fact is of itself sufficient to decide the imint at issue, even without 
the other characteristic Gault fossils which accompany them, viz. 
Nucwla pectiiiata, Inoccramus salcafns, and Terehratala Datempleana, 
Of the other Tnocerami, some seem certainly to be /. eoocentrims^ 
and others resemble the larger and more compressed species which 
occurs frequently in the Lower Gault elsewhere, and may be idon- 
tifiod with that known as /. Grippsil when found in the Ited Chalk 
of Hunstanton. 

With respect to the Lereham fossils our list is not so large as 
that given by Messrs. Read and Sharman ; but we protest against 
the elimination of the ])liosphatic specimejjs. Similar ])hosphatizcd 
fossils occur ever}' wlien^ in the lower part of the (built, often 20 feet 
above its base, as in liedfordsliirc and Huckingliamsliiro. The state of 
the Ammonit(is with jdiosphatic contr(\s at Muzzhj shows why the 
phosphatiq specimens so often fragnumtary ; for if tlic^ bc^ds in 
which such casts lay imbedded wm-e aft.(U’wards su]>j(‘cted to the wash- 
ing of a curremt, all the fine mud which composed tlio cast, might be 
Waslu'xl away and red(‘posited, leaving only the pliosi)hatic i>ortions 
in situ, it s(H‘ms })robal)lo tlKuadore that we may r(\gard all such 
coutemj)oraneous 3iodul(‘-bcds, which aiH‘. freijiumt in the Gault, as the 
siftings of a certain thickness of clay wliicli (contained semijdios- 
jdiatizcd and sc'inieonsolidatcal casts of fossils. Tlu' rounded and 
broken Jippearaiiee of tlu^ jdiospliatie fragimmts does not, then, 
neccss.'irily show that t.lu'y hav(^ bc^cn mucli rolled or waterworn, ft>r 
they would ])resi‘nt such an apju'a ranee as soon jis they were detached 
from that ])ortioii of the cast which liad not been filled with jdios- 
j)hatic iuatf('r. 

Small oysters, resmuhling Ostnu acKfin^stris^ !Nilss., and 0, cur- 
virostris, Nilss., certainly occur: hut most of those found by us 
conu^ near to 0, enrrirostr/s, as figui-(‘d by d'Orbigny, than to 
th(^ hroadm* shaj)e of 0. ((cutlrostrls ; they differ, however, from 
the iuth‘xed form of 0. currirostris which oc(‘urs in the Tottornlioe 
Stone. 

I^'he fauna of the limestone beds seen in tlu‘ Iloydon cutting and 
in the Grimston hrook rcmiains to be considered; and, fortunately, 
the species and the stat(’ of their ]>reservation are sueli that no 
doubt can possibly exist about tlu' age of thes('beds. Lithologically, 
these limestone bands art' ('xceedingly like the hard hods which occur 
in the Chalk-marl of Buckinghamshire and Oxfordshire ; and had wo 
not found the fossils above indicated, we might have felt very great 
hesitation about referring them to the Gault. Their lithological 
characters, however, can easily be explained, fora deep-sea formation 
of Gault age i.s not likely to resemble the Folkestone clay ; whereas, 
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on the supposition that these beds are Chalk-marl, the occurrence 
of Inoceramas sidcatas, I, concentricus. Ammonites laittus^ and Am, 
rostratus would be such an anomaly that, if anyone chooses to accept 
it, he must he prepared to renounce the stratigraphical axiom that 
“ strata can bo identified by their fossils/' 

We would apply the same reasoning to the Red Chalk of Hun- 
stanton, W'here tlie same Ammonitea, togiddier with two oth(‘rs equally 
characteristic of the Gault, are found, and are associated witli Jno-- 
ceramm snlcatas and 1. Crippsii, We do not think that any for- 
mation containing thost^ fossils in an uiidcrived state can be other 
than of Gault age, \vliati‘vtjr the lithological character of the rock 
maybe; and W(' fc(d sure that our friend Mr. Whitaker allow^ed 
lithological evidence to have too much wtught and paheontological 
evidence far too little, wlnui he mapj>ed the Norfolk Gnult as Chalk- 
marl and nd'used to see anything but chalk in the Red Rock of 
Hunstanton. 

Mr. Whitaker has discussed the evid(mcc of the fossils in his 
Address to the Geologicnil Soci(‘ty of Norwich ; and he asks, ‘'^if 
the rock represiait (Jault and Gault only, how are we to account for 
the occur.rcue(‘ of the fossils Ixdonging to higlu^r b(^ds, and some of 
which have nowhere becm found in undoubt(‘d Gault?'’ This is a 
very fair qin^stion ; but hi^ seems to think that it is much more 
difficult to account for the apjx'a ranees of species in any formation 
which have hitluirto only becui found in m^.w<‘r and higher beds, 
than it is to exjdain the occurrence of sj)ecies which have only been 
found in old(‘r beds ; we really cannot S(^e why oiu^ case should 
bo necessarily more difiicult of exjdanation than the other : every- 
thing must depend upon the circumstances of the particular 
case. 

In com])aring the succ<‘ssion of faunas at jdaces so far aj)art as 
Folkestone and Hunstanton, considcu’able allowance should be made 
for the ]K)ssibility" that some species may have come in at ones 
locality bidort* they r(‘aehed the otluu' ; for it is (juiU! (lerlain that 
the c^onditions of life wen; veiyMlifiiTcnt at tlu^ two places — tlu; sea- 
bottom in the one jdace Avas mud, and the Avater aboAa*. was not very 
deep, Avhile in the other place the bottom av as a calcareo-ferruginous 
sediment, and the Avat(.‘r was juobably iriiudi de(^]K;r. This being so, it 
seems to us that the occuiTence of a certain number of deep-sea (or 
Chalk species) is only Avhat might be ex])ected in the Hunstanton 
deposit. Tavo of these s])e(;i(‘S, namely Ostrea vurvirostris and 7 V/y- 
hratnlina (/racllis, have, aln^ady hvvn founrl in the marly Gault of 
West Norfolk: and Ave are eonsequeiitly led to (;xpect that the otluT 
precursors of the Chalk-marl fauna of Southern England will bo 
discoA'ered in this dej)osit. 

We would urge, therefore, in opposition to Mr. Gunn and Mr. 
Whitaker, that it is by no means tlie fossils “ of the Litest type that 
must be used in identifying the period " of the bed; but, on the 
contrary, that it is those of the earliest t 5 q)o that must be taken as 

* Proc. Norwich GeoL Soe. vol. i. p. 230. 

a.J.G.S. No. 171. 2 q 



The following statements were made by one of us when supplying 
Mr. Whitaker with a list of the fossils in the Bed Bock of Hun- 
stanton, and arc quoted by him in the paper referred to : — “ Palaeon- 
tologically the Hunstanton Limestone has stronger affinities with 
the Gault than with any other formation “ its affinities with 
the Chalk-marl are less strong; it must be remarked that none of 
the sjieoially characteristic Chalk-marl species are found.” Our 
recent researches have only strengthened the data on which these 
two statements were founded. 

On r<‘fcrence to the list (Table I.), it will be seen that nearly all 
the fossils we have found in the Oault of IN’orfolk occur also in the 
lied Hock. Purther, if wo confine our attention to the Cei)halopoda, 
which are usually regarded as the best guides in correlating strata 
of Secondary age, we find that no fewer than eight Ammonites, of 
characteristic Gault species, have been recorded from the Red Rock. 
These are : — Animoniies auritiis. Am. Beudnnti, Am. intermptus. 
Am. lautas. Am. ochidoiiotus ^ , Am. roatratus, Am. .plendcnp, and 
Am. tuherculatns. Ammonite.^ varians, Am. Ooiipei, Am,, Mantidli, 
Am. navietdaris, and Am. falcatus, which are the characteristic 
Ammonites of the Chloritic Marl and the Chalk-marl, are con- 
spicuously absent from the Rod Rock. 

The extreme rarity of Gasterojjods in the Red Rock, while they 
are abundant in the Gault of Southern England, finds a natural 
explanation in the hypothesis that we are dealing with a deep-water 
fauna ; for they arc always rare in doe[)-watcr dej)osits, and at the 
present day their numbers always diminish with depth of water and 
distance from land, Pleurotomaria being the only genus that is now 
indicative of deep water. 

* Recently found in the Lower Gault of Bucks, as have also all the other 
species, including Am. rostratus has hitherto been supposed to occur only 
in the Upper Gault. 



OF THE TTPPER ORETACEOXTS m WEST STJPPOLK ARD NORFOLK. 575 
Table II.— i?bm75 of the ChalJc-marl, 


Basement- Inocercb- ^ 

bed. wiiw-beds. Upper Beds. 



I SroN(ni)A. 

1 Flocoscyphia labrosa, "Mant 1 

i Strephiiiia convoluta, lUmJe 1 

1 Lepiopbragma Murehisom, Gold^A 

Coschiopora, ap. | 

1 Spongra, sp 


Echinodeumata. 

Cidaris ^^esiculosa, Goldf. 

diasimilia, Forhes ' 

Uiacoidea cylindrica, Lam 

llolnster aubglobosus, Leake 

l(evis, l)e Luc 

Epiaster craaaissimua, dWrh 

Paeudodiadcma oniatvuYi, Goldf.. 
variolaro, Bnmgn 


Annulosa. 

j Serpula antiquata ?, SJn/ 

I Vmnioularia umbonata, Shy. 

[ Pollicipea, sp 


Braciiiopopa. 

Terebratula biplicata, Shy 

, var. obtuaa, Shy. ... 

, var. faba, Shy 

aemiglobosa, Shy 

Bubundata, Shy 

sulcifera, Morr 

Kingena lima, Bcfr 

Terobratulina gracilis, Scklnth. 

, par. nodulosa, Kth. 

striata, Wahl. 

Bliynchonella Cuvieri, d' Orh. . . . 

Grasiana, d'Orh 

Martini, Mant 

, var 

Mantelliana, Sby, (rare)... 


Pelecypoda. 
Ostrea vesicularis, Lam. 

frons, Bark 

Pecten Beaveri, Shy. ... 

elongatus, Lam. . , . 

dssicosta, Eth 

orbicularis, Shy. ... 


Hunatantm 
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Tablt6 II. {continued). 



Basement- 

bed. 

Inooera- 

7?22fi'-bedfl 


tipper Beds. 



Should ham and 
Roydon, &e. 

Hunstanton. 

c 

o 

ns 

fe- 

Hunstanton. 

Stoke Ferry, 

Dereliam. 

Dersingham. 

1 

-a 

‘-M 

"o 

aJ 

Hunstanton. 

Pel EC V i'OU a {i‘<mtln uvd ) . 
Plinatula inllata, l^h(/ 


* 

♦ 

* 

♦ 


* 

* 

B 

Lima ooliinata, Efh 







... 

* 


Avicula gryplueoidos, *SV>// 

Spondylus linoatua 

slriatus, 

Inoccramus latas, Mant 

HtriatuB, Mailt 

* 

* 

# 

* 


* 

B 

<«■ 

? 

* 


* 

* 









B 

Qastehopoda. 

Pleiirotomaria, sp 









* 

Oepiialoi’oda. 

AniTnoailos varians, M// 

IVbmtelli, *SV>// 

Aiisteni ?, l^hdrpv 

rliotomaj^onHis, Ilrompi 

sp. (Hiitall) 

Turrilites, 8)> 

llelemnilella ultima, IS/utrjie 

Fisn. 

Otodus appeiidieulatus, Ji/ 

* 

* 

* 


* 

* 

* 


* 




Tlio Ictk’r ill llio jibovo list in(li(%‘it(*s iluit tlu^ sj)t>oios is (juotod 
from Dr. Darrois’s " ]b‘i'lu-rcli(‘s siir \v. T(Traiii Crotaco siij)erioiir.' 

As tlio lilholo^dcal (^liaractors of tlic Chalk-mail oxhibit a eliaiif^o 
in passing from Camliridgoshiro into Norfolk, it is not surjiiising to 
find a corresponding i^liaiigo in the relative abnndanee of the fossils 
wliicli occur in tliis subdivision. Thus in Cambridg(‘shire and the 
Midland counties, wliere the greater part of the Chalk-marl is 
really a marl, Holaster suhiflohosas is a very rare fossil, so rare that 
neither of us has yet found a specimen ; in the “ //ior<^r;<vmu*->beds '' 
of Hunstanton it is t'xeeedingly common, and it also occurs occa- 
sionally in the overlying beds beiow the Totternhoo Stone. Similarly 
Lima ccMnata which was first described from the Tolternhoe Stone 
of Burwell, and has not yet been found in the Chalk-marl of 
Cambridge, becomes a (‘ommoii fossil where this Marl puts on the 
rough and rocky facies in West Norfolk, and is especially frequent 
in the i>#ocm4»j/ft'?-beds. 

On the other hand, Rhynchonellu Martini, which is such a common 
species in the Chalk-marl of more southern counties, becomes so 
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rare in I^orfolk that we only found the typical form in the pit at 
Snettisham, that in the Hunstanton “ sponge-hod"’ being a fine-ribbed 
variety, having some affinity with lih, liru'olata. 

The same is the case with Ammonitt's varians, which is so 
common a fossil in the Chalk-marl of Keach and other (.'ambridge 
localities, and 'which is still abundant in the hard marl of llockwold 
(irrang(s Sutfolk. At Stoke Ferry it is a rare fossil, and beyond that 
place we did not meet with it at all except doubtfullj' at Hunstanton, 
neither is it recorded in Dr. Darrois ’s lists, so that if it does occur 
it is one of th(^ rarest fossils at Hunstanton. The saiiui may be said 
of Ammoidtea MautcUi^ which is common in the Chalk-marl of the 
southern counii(‘s, but Ix'comes rarer in going north. 

It w^ould appear in fact that the Ammonites wen; inhabitants of 
shallow watfU’s, for while they swarm in tin; (hiult, Upper Creensand, 
and Chalk-marl of the souUiern coiiniies, th(‘y be(u)m(‘ gradually 
less abundant in tin; higlier })artH of tin; Chalk of that rt'gion. 
8inc(} therefore the}' also b(‘C(un(^ much rarer both in tin; (iault 
and in the Chalk-marl as these divisions are h’aced norlhward, wo 
may n^asonahlv coiicliuh; ihat this rarity is dm; to tlu' imTt*as(; in 
the depth of the (’retaceous sea towards tin; north, an interenco 
aln;a(ly drau'u from other data. 

\N’e have to thaidv ]Mr. H. (1. Fordham for tin; loan of tin; fossils 
'which he collecti'd recently from th<; Spong<‘-bed at Hunstanton; 
tlies(‘ hav(; eiiahled us to give a fulh^r list than has hitherto boon 
])ublished. Orn; of tin; conimon(;s1< fossils in this bed is Avkula 
Ijrj/pJKHiide.^^ which is so abundant in the basement-bed at Itoydon 
and Shouldhfim and in the; Cambridge Grecaisand ; this s])c‘cies occnirs 
rarely in the J nonntmtis-hods, and we did not meet wdth it above 
that horizon. 

Our thanks are also due to Dr. G. J. Hinde for naming the 
fragments of J^jKuiges which Hr. Fordham had found. 


Taijlr 111. — Jdtssils of the Totternhoc Stone, 
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Table III. (continued). 



Hunstanton. 

a 

'm 

<D 

m 

’53 

cl 

ft 

1 , 

•§) 

P 

'S 

«s 

w 

If 

S 

CQ 

Isleham. 

Bkacjiiopopa. 







Terebratula biplieata, Sb?/ 

* 

* 

... 

* 

* 

♦ 


* 






seniiglobosa, 

* 

% 

* 

* 

* 

* 


? 




It 



It 












Kingena lima, Dejr 

* 






Terobrat.uliua gracilis (var. iiodulosa, EfhJ) ... 




* 

... 


lihyncbonolla Maiiiclliana, >SV^ 

* 

* 




* 

Pelecypooa. 












* 


, n. s]» 




♦ 



Ostrea vesicularia, Lam 

* 





* 

Pcctcri orbicularis, Sin/ 

* 

-K- 

* 

* 

* 

* 





* 

* 


elongaius, Jjam 

* 






Noilbca quiiiquecostata, Shy 

* 






Plicatula iiillata, Shy 

* 

* 





Teredo aiTiphisbaina, Golc/f, 

sc 






liiiiia globosa, Sin/ 

* 

♦ 





Juoceramus lal us, 

* 






Gasteropoda. 







Plfliiroiomarbi., sji 






it 

Kusub, sp 

* 






Turbo, sp 

* 






Cephalopoda. 







Ami Ml onitcH va ri an s, Shy 

? 






■ — rll()lo^lla‘>■cn^is, iVOrh 







Turrilites costat us ?, Lam 




* 

* 


33aculiles, sp 

* 






Nautiliia elegaiis, Shy 

* 






DoBlongcliampsiaiius, cl' Orb 

* 





i 

Fish. 






1 

Lamna, ep 

* 



... 

* 


Oxyrliina Mantelli, Jy 

* 






SaurocophaluB striatus, Ay 

* 







Prom the above list it will be seen that at Isleham the stone is 
nearly as fossiliferous as it is at Burwoll and Cherry Hinton. The 
Isleham column has been filled up from three sources, (1) our own 
collections, (2) that ot the Woodwardiun Museum, (3) that of the 
Jermyn Street Museum, to which Isleham fossils W’^ere presented by 
Sir E. H. Bunbury. 

From Isleham to Stoke Ferry is a distance of 18 miles, and at 
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Stoke the stone does not yield so many fossils, but then its 
diminished thickness must be taken into account. Its fauna in 
jVorfolk does not offer any special peculiarities, and no doubt more 
prolonged search would greatly increase the number of fossils, and 
prove the assemblage to be the same as in Cambridgeshire. 


Table 1Y. Fossils of the Orey OluilJc, 


\ 

Islehara. 

West Row. 

■\ 

p 

0 

bi) 

.S 

1 

Stoke Ferry. 

Barton ! 

Bendish. 

Hillington. 

a> if 
o o 

^ tn 

Jin ^ 

PQfit 

' \ 

.p 

ho 

.2 

s 

ft 

" \ 

. 

"S s 

a ho 

ft .2 
ft 

Serpula eubhorquata 








B 


lloiaster subgloboaus, Lc»Jcc 


* 



* 

♦ 


♦ 

* 

treceusis, Lvipn 



* 







Cidaris dissiniilis, Forhes 







* 

* 


‘Bowerbauki, Forbes 





* 

♦ 




Diacoidea cylindrica, Lam 



* 

* 


♦ 

... 



'IVrebratula soinigloboaa, 8b(/. ... 



* 


* 

* 


* 


squamosa, Manf 



* 







RliYiKjlionolla Grasiana?, (VOrb.... 








* 


Manlelliaiia, 8b y 

* 

... 



♦ 


* 



Kingeua lima, J)efr 








B 


Terebratuli]ia gracilis, var.nodulosa 








* 


Oritroa vesicularis, La/u 


* 






B 

* 

Pocteri orbicAilaris, Sby 


* 




* 




Exogyra haliotoidea, Shy 

... 




* 





Pli oat Ilia in data, Sby 

... 







B 


Lima ceiioiiumcnsis V, d’Orb 








B 


luocerainus mytiloides, Maui 





* 




* 

Ammonites Icwcsionsis?, Mailt. ... 






* 

* 



Austeni, Sharpe 


* 








cenomanensis, (V Orb 






♦ 




rbotomagensis, dl Orb 

* 









plaiiulatus, Shy 





... 



B 


Belemnitella plena, Blaiiiv 


* 








Fish-scales 





* 






The assemblage above recorded is such as might be found in the 
same subdivision further south, with tlie exccjjtion of Belemnitella 
plena. The occurrence of this 8j)ocies in the grey chalk of West 
Row near 3k[ildenhall is a noteworthy fact, for it is its first 
recorded occurrence at such a distance below the Marls which form 
the zone of Bel. plena. The species from the Totternhoe Stone 
which has elsewhere been called Bd, plena is not that form, but the 
Bel. lanceolata of Sowerby (non Schlotheim). 

The original example of Peltastes Bunburyi^ Forbes, was obtained 
near Mildenhall by Sir E. H. Bunbury, and may therefore have 
come from the West Row pit. 

The marls of the zone of Belemnitella plena in Norfolk have as 
yet yielded but two species, Terebratula semiglobosa and Rhynr 
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ehonella plicatilis ; hut as the bed is only exposed at three or four 
localities and is very thin, this paucity of fossils is not surprising. 

The letter B in the Dersingham column means that the species 
so indicated arc quoted from Dr. Bariois^s list in his * liecherches sur 
le Terrain Cretace superieur.^ 


Table V . — Fossils of the Melhourn llocJc and zone of B. Cuvieri. 



Barret 

Kingsteacl. 

Seclgford. 

Heacham Pit 
and Cutting. 

_o 

.5 

p 

o 

"o 

'53 

15 

o 

’c 

O' 

rJ4 

rt 

A 

Worlington. 

Oardijisl-er pygni.'ViiH, Forhes 






* 




UoiuiMBtor ininiiniia, Aq 










Eohiiiowiuis HubrotiouiuB, JSJanf... 

♦ 

* 

* 

* 

* 

* 

* 

* 


ciistjuiea, Jirmfjn 



* 





1 


Discoidea minima, jUf 










Cidaris, up. (’HpincH) 

* 


* 

* 






'Tcrabratula eemigloboHa, Ahy 

* 

* 

* 

* 

* 

* 

* 

* 

if 

RbynclionoUa Cuvieri, ct'Orh 

* 

* 

* 


* 

* 

* 

* 


liioceramuH myl.iloidos, ... 

* 

* 

* 

1 1 

* 

* 

* 



AmiuouiieB pi'ramj)lus, Manf 



♦ 


* 


* 



CuTiuiugioui ?, Shar2W 



♦ 



*” 

* 




The fossils on this zone, as might he expect (‘d from the (‘-onstaney 
of its lithological churacters, aroih(i same as those \\ hich it contains 
in the ^Midland and Southern (;onntl(‘s. The lower beds of the 
Melhourn Bock are, as usual, without fossils, hut the upper beds and 
the sIkjII}^ ('halk above ahoTind in lihynchonelUi Cueieri and Ino-- 
ceramus myiilokles^ while* the (‘chinid FcJihwconns mbrotuudus is 
hardly less common above the Bock. 


§ 3. Beview oe tjie mtxfte STiiucTXTUE OF THE Beds desceibed 
IN Tins Bapek. 

Oaiilt — examination of s])ccimens from various horizons of 
this formation, from Chatham AVell-boring, Streatham Well, Arlesey, 
Tring, &c., shows them to consist in great part of inorganic material 
in an exceedingly line state of division ; on this acid lias no effect, and 
it is negative under crossed nicols. An inconsiderable portion can 
be recognized as very line quartz-sand, mica, grains of glauconite, 
and fragments of a librous material, probably of felspathic origin. 
Fragments of shell, Foraminferal tests, and minute atoms which 
appear to be calcareous and disappear after acid, arc present in 
varying proportions ; but the deposit, as a whole, may be spoken of as 
inorganic. 

The material composing the Upper Greensand which overlies the 
Oanlt in Buckinghamshire is in a much coarser condition, and the 
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examination of cores from a boring near Tring showed that there 
was a gradual passage extending through many feet from the coarse 
material of the Greensand to the finer mattTial of the Upi^er Gault, 
a similar but more rapid passage to the Lower Greensand occurring 
at its base. 

Proceeding along its outcro]) to tbe north-east from Tring, the 
upper part of the Gault heeoiucs move calcareous, and coni ai us many 
Foraminifera, shell fragments and atoms of a ealearoous nature, 
rendering it at FaiicoTirt, near Harliiigton, almost comparable to 
certain parts of the Chalk-marl. Put it is invariably separated 
from this ibrmation by a Glaiie.ouitie ]\Iarl, a b(‘d in which rather 
coarse grains of gLiuconitc, qiijirlz and mica Hakes, with many shell- 
fragments, abound in a- calcareous matrix, though tlio amount of 
its several ingri'dients vari(‘s somewhat wilh locality. 

l^roceediiig still furtlu'r to the N.E., we reacli the incoming of 
the (Vimbridge Greensand dividing the Ganlt from the (balk-marl, a 
hed marked by tlie ahundance of largo glauconitic gniiiis, rather 
coarse ([uartz-saiid, and sonu^ mica. Ai Arlescy this bed r(\sts 
immediately on the Gault, which is not calitaii'ous and agrt'cs with 
that from its centre^ near Tring, tluu’o being no ])assage whatev(*r. 

We have had no oi)portunity for the examination of tht‘. material 
at the junction of the Gault and Cambridge (iroensand betwcon 
this ])oiiit and Stoke Ferry, hut. at Stoke our boring passed through 
a hod in wliich green grains were abundant, and which also 
contained quartz and mica, and then (‘iitu’ed ahruj)tly into bright 
blue clay, which, tliougli loss cal(;ar(M)UH than that at Fanconrt, is 
more so than at Arlcso}', and is probably lq)])(U' rather than Aliddle 
Gault. It forms a link hetwetui the- latter and the still more 
calcareous d(q)Osit which wo recognize as the; Uj)])er Gault further 
to the north-east. 

The Lower Gault exposed at Muzzle and West Dereham is some- 
what calcareous and contains man^^ shell- I’raginents, &c. ; it is, 
however, not unlike that from the lower part of the Tring boring, 
hut there is a dccrcjase of the coarser rccognizabh^ inorganic particles. 

The examination of specimens from the railway-cutting north of 
Grimston station, from the brook sides, and from the boring at 
Hoy don ])it shows that the deposit which wo recognize as the Gault 
has undergone considerable change. 

That lying below the hard beds, while still containing much of 
the fine inorganic material, contains idso a large proportion of shell- 
fragments and Foraminifera, and calcareous atoiris d(;rived probably 
from their decomposition. Glauconite appears to ho absent, but 
there are a few quartz-grains sparingly distribntcMl through the 
mass ; some of these a])])ear to be of greater size than those usually 
met with in the Central or Lower Gault, and may be derived in part 
from the underlying sands. 

The hard beds seen both, in the railway-cutting and elsewhere are 
alike in their structure. They appear to be entirely organic, and con- 
tain no quartz or glauconitic grains. Disunited or primordial cells 
of Glohigerina or other Foraminifera form nearly 20 per cent, of their 
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mass, and sliell-fragmeTits, which often occur in small accumulations, 
about 8 or 10 per cent, more, the remainder being fine amorphous 
material. That part of the Gault above the hard beds, while still 
containing fine inorganic material, abounds in shell-fragments, 
Eoraminifera, and calcareous atoms, the amount of the coarser 
fragments varying in different specimens. Itecognizable particles 
of quartz are few and small, and grains of glauconite have not 
been d(d/ectod at all. 

The pink marl of the cutting and of the brook presents no impor- 
tant difference in structure from that described above. 

Tlie yellow and red bods passed through in the boring at Der- 
singham are alike in their structure. As in the Gault at lioydon, 
especially in that lying above the hard beds, organic material 
pre]>onderates, single Eoraminifera] cells, with some shell-fragments, 
forming no inconsiderable ])art of their mass. A few large grains 
of quartz-s.'ind occur in the Kcd Clay, visible to the unassisted eye 
and comparable with those from the Carstono ; smaller particles are 
not uncommon. 

"VVe hav(j be(m unable to make a satisfactory section of the basal 
foot of the lied Chalk at Hunstanton ; but above this the structure 
is much the same; as that of the most calcareous Gault above 
described. Eoramiuifcral tests arc j)crluip8 in greater proportion, 
and tluTO are indications of sponge-structure in the specimens 
exMminod. The upper part of the lied (^lialk will, in fact, compare 
with the lied Clay of the I)(U*singhain boring, with the more cal- 
careous s])eciTn(Mis of the Grimst-ou Gault, aud also with tlu*. hard 
beds, its chief difteroiice being the greater {imouiit of large quartz- 
and other miiioral grains which it contains, and which have 
evidently bc(?n derived from the sands on which it lies. 

The Glauconitic Marl found at- tlu‘ base of the Cludk-marl at 
Stoke Eerry has many ]>()ints of n'somblaiici' both to the Cambridge 
Greensand and to the b(‘ds which lie at. tlie base of the Chalk-marl 
in Ibid fordsli ire. It is a calcareous ma,rl, eoiitaiiiing an abundance 
of glauconitic grains, Avilh some mica-tlakes and fine (luartz-saud ; 
and though these materials, particularly the glauconitic grains, arc 
smaller and finer tluin in tlie Greensands of lledford or Cambridge, 
the fact of their a,])pearaiice in abuiidajico at this horizon in a 
locality where such inorganic mattu’ial is rare is most important. 

The base of the Chalk-marl seen in the pit at Shouldham is a 
glauconitic bed, similar in all respects to that ahoA'e dt^scribed. This 
marl was again identified at Marham, beyond Avhich it was lost. 
Above this bed, at) 8houldhara, the Chalk-marl, though hard, is not 
gritty, fine amorphous material forming a large proportion of its 
mass ; single Foraminiferal cells are conspicuously abundant, and 
these with a few shell-fragment, s and entire Eoraminifera constitute 
the remainder. 

Clialk-marl , — Following the Chalk-marl, as we liave done the Gault, 
we find that at Charlton, in Bedfordshire, it consists of a bluish 
grey clayeA'^ marl, with a recognizable amount of glauconitic grains, 
fine quartz-sand, and a proportion of the fine inorganic matter 
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similar to that of the Gault. But the quantity of shell-fragments, 
entire tests and disunited cells of Foraminifera, and calcareous atoms 
prove the marl to be mainly of organic origin, though at- this point 
impurely so. At Charlton it passes up into a purely calc marl, 
yellowish-grey in colour, the tint becoming lighter with its 
in encasing purity as a calcareous dej)osit. 

Following the marl to the K.E., we find a gradual diminution in 
the amount of recognizable quartz-parti ch's and gradually increasing 
purity from inorganic matter, till at Stoke Fei*ry hard!}' a trace of 
the bluer and most impure marl was noted in our boring, and the 
deposit, as a whole, aj)poared almost purely calcareous. 

As previously mentioned, the upper part of the marl, at Feltwell, 
White Dyke, &c,, increases in hardness. This is marked by an 
increase in the quantity of sluOl-lragnnmts, ■|)rincipally ])risms of 
//lormemai'-shells, which give it a gritty touch not unlike the 
Totternhoe Stone. 

At Stoke Ferry layers of hard (/halk-marl, renderc'd gritty to 
the touch by the ])r(^s(‘nce of many mi nut (‘ ])i('ces of shell, and 
separated by layers of h‘ss shelly mat(‘rial, extend for some distance 
below the Totternho(' Stone. Below this, in the softer Chalk-marl, 
the amount of tile coars(‘r organic remains, such as shell-fragments 
and Foraminifera, is small cornparc'd with tlu‘ pro])orti(m of amor- 
phous material of wdiich the Marl consists. Partichis of quartz are to 
be found throughout/ it-; grains of glauconite occur commonly in tho 
top and low’er portioji, but are less abundant in specimtujs from the 
centre. 

To this point- every specimen of the Chalk-marl we examined 
contained minute grains of glauconite and quartz in varying 
proportions ; beyond it the glauconit.(^ does not- occur in t-he base- 
ment-bed, <‘ind is restricted to that part of the marl which we 
believe to be the e(]Tiivalent- of the L(oce ramus-hod and to tho 
Totternhoe Stone, while i)articles of quart-z ar(^ few and small. 

Thin sections of tin; hard creamy-white limestone wdiich lies 
immediately above the Gault at Iloydon and in tho neigh- 
bourhood of Grimston show that this bod does not differ 
materiall)' in its structure from the base of the marl above the 
glauconitic bed at Shouldham. Single Foraminiferal C(j11s and 
more or less perfect tests of Foraminifera are conspicuously abun- 
dant ; but these and a few shell-fragmcnits form hardly 25 per 
cent, of the material. The so-called Sponge-bed at Hunstanton is 
comparable in all respects to the base of the Chalk-marl at Grim- 
ston and Hoy don. 

In the hard grey chalk above the creamy- white limestone at 
B-oydon we find the gritty character of the Marl, which we have 
noted gradually increasing to the northward, still more marked. 
Here it closely resembles the Totternhoe Stone in appearance and 
structure, consisting of about 60 per cent, of coarse, irregularly 
sorted shell-fragmcni s, mostly prisms of Jnoceranms-shellfi ; grains 
of glauconite are abundant, and the whole is set in a matrix of 
amorphous calcareous material. The green-coated nodules at its 
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base are not shelly, but agree in character with the underlying 
limestone. ® 

This bed was certainly passed through in the boring at Dersing- 
ham, and at this place, as well as at Snettisham and Heacham it 
gradually passes up into hard, white Chalk-marl, which, though less 
gritty, is full of shell-fragments and Foraminifera. The structure of 
the Inoaramus-hed at Hunstanton is almost identical with that 
of the hard, gritty chalk at Eoydon. The shell-fragments are 
much coarser in its basal two or three feet, but it passes up into 
similar material and, dually, into the hard, white Chalk-marl 
identical with th{it at Deraingham. 

The Totternhoe Stone . — The beds usnally referred to as the 
Tottenihoe Stone vary a little in structure. That most in request 
for biiil(ling-23ur])osea, and which is quarried at Totternhoe and other 
places, and may be described as the typical stone, is seen, under the 
microscope, to consist of from 00 to 70 per cent, of shell-fragments, 
remarkably uniform in size, many glauconitic grains, which are 
frequently of large size and often in the form of beautifuUyperfect 
casts of Foraminifera, and a small percentage of tine quartz-sand. 
Both above and below the tj])ical Totternhoe Stone are beds which 
present no such rcgnlarity in the assortment of the shell-fragments 
composing them, and the hods of the st-ono itself vary in thickness, 
and arc often separated finni one another by layers of Jess shelly 
chalk. 

The ‘‘ Brassil,” ■which underlies the Stone at Biirwell, consists 
mainly of viu’y coarse shell-fragments; hut the green -coated nodules 
contained in it arc Jiot shelly, their inieroseo})io stniciure being 
compnrnhle with that of the Clmlk-marl beneath. 

At Jshdiam, Ik^ck How, and tStoke Ferry wo are able to identify 
the Totternhoe Stone by its micToseopieal characters. It- presents 
in all these exiiosures the same a])pearan(;o as in specimens from 
the less defined beds of Hertfordshire and Cambridge, being rather 
irregular in grain. 

At Sandringham, Dersingham, and all exjiosures beyond, the 
massively bedded layer at the top of the hard Chalk-marl possesses 
the same shelly character as its equivalent at the top of the Marl 
in Hertfordshire and Cambridge. S])ecimens from most of these 
exposures show some little irregularity in the size of the comminuted 
fragments of slitdl of which they are largely comjiosed ; but that 
from the cliff of Hunstanton is very like the upper part of the stone 
exposed in the Totternhoe quarries. 

It must be added, however, that the hue quartz-sand, which at 
Totternhoe forms a part of its constituent material, is almost 
abstmi at Hunstanton. Tlui gradual diminution in the projiortion 
of this can be followed along the line of the outcrop of the Stone. 

The Grey Chalk . — Above the Totternhoe Stone the change 
in the character of the deposit is usually abrupt, but not 
invariably so. Thin sections from the lower part of the Grey 
Chalk between Newmarket and Shouldham present exactly the 
same characters as those which we have before described in Cam- 
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bridge and Hertfordshire It consists almost entirely of fine 
amorphous material, with but few recognizable shell-fragments and 
Foraminifera; but north of Shouldham these become much more 
abundant, and the chalk assumes a firmer texture. 

The hard white chalk previously referred to as underlying the 
Belemnite-marls closely resembles the white chalk with clean 
fracture noted by us f as occurring at varying distances below the 
Belemnite-marls of Hertfordshire and Cambridge. The single cells 
of Foraminifera increase in quantity, and it would appear that 
the change in the lithological character of the Chalk may be due to 
some extent to their presence. This bed was noted as far as 
Hillington, where it forms a marked feature in the pit-face ; beyond 
this to the north it was lost. 

Grains of glauconite, which are to be found in almost every 
specimen of the Chalk-marl, do not occur commonly in the Grey 
Chalk (except at particular horizons in certain beds, as the “ Bag” 
of Bedfordshire ) ; of nearly 150 specimens from this horizon alone, 
from various localities, only one contains them. Minute grains of 
quartz extend a little distance up into the Grey Chalk, where the 
passage between it and the Totternhoe 8tone is not abrupt ; the 
same remark will also apply to the grains of glauconite. 

Mdhourn lioch . — In thin sections this rock also presents the same 
characters through Suffolk and Norfolk that have alnjady been 
described by us. Like that of Cambridge and Hertfordshire, it is 
full of fragmentary pieces or nodules of chalk, not unlike that which 
forms the top of the Grey Chalk beneath it, and these are imboddod 
in a matrix which frecjuently contains a largo proportion of coarse 
sliell-f ragments . 

There is also at this horizon a remarkahle increase in fhe quvintity 
of single For amini feral cells ; in some of the less nodular and shelly 
specimens they are exceedingly ahnndant, and form a large part of 
the material of the Chalk. 

Although these; forms are often conspicuously abimdant (s(;o 
anti^, there is no other horizon hedow the Chalk Bock wIktc, so far 
as we know, they ]day so ini])ortaut a i)art in the formation of the 
Chalk. They arc generally referr(;d to as the disunited or i)riinordial 
<jells of Foramiiiif(Ta ; but it is singular that with th(*ir increase 
perfect forms do not become more abundant. 

§ 4. Chemical Composition of the Gault and Ciiaia-marl. 

By the kindness of Dr. W. Johnstone, F.G.S., and Mr. W. D. 
Severn, we arc able to furnish some information concerning the 
chemical composition of the beds referable tu the Gault ajid Chalk- 
marl in West Norfolk. 

It has been stated (]>p. 547, 540) that the marls whicli we reft;r 
to the Upper Ganlt, near Boydon and Grimston, are so calcareous as 
to have been mistaken by some geologists for Chalk-marl. The 


* Quart. Journ. Geol. Soc. vol. xlii. p. 216. 


t Op. cit 



586 ME83B8, JUKES- BBOWNE AND W. BILL ON IKE ZOWEB PAST 


following is an analysis made by Mr. W. D. Severn of the marl 
found at a depth of 5 feet in our boring at Eoydon : — 


Besidue insoluble in HCl 25-55 

Carbonate of lime 66*31 

Alumina 3*33 

Iron (as Fe^Og) *81 

Magnesia *46 

Phosphoric acid trace. 

Moisture (at 100^ C.) 1*85 


98*31 

The percentage of carbonate of lime in this sample is, undoubtedly, 
a very high one, and the marl is evidently far more calcareous than 
the U]>per4jlault Marl of Folkestone, in which Mr. Hudlcston found 
only 25 per cent. But it. is obviously more logical to compare the 
Norfolk Marl with the Upper Gault of some more northern locality 
than Folkestone; and we have already men iioiicd the calcareous 
aspect of the Upper GauK. of Jiedfordshire, some of which has also 
been mistaken for Chalk-marl. Wo are ind(l)tcd to Mr. Severn for 
the following analysis of a sample from Fancourt brickyard : — 
llesidue insol. in IICl, silica and silicates 38*21 


Carbonate of lime 53*50 

Alumina 3*90 

Iron (as FeO) 2*00 

Phosphoric acid *09 

Moisture (at 100° C.) 2*00 


99*70 

It will bo seen that this marl contains twice as much carbonate of 
lime as that of Folkestone, and, consequenUy, that the proportion 
comes very much nearer to that in the Boydon marl — an approxi- 
mation which strengthens the conclusion already arrived at, that the 
Norfolk marl is an actual northward continuation of the Bedford marl. 

The followiiig (A) is an analysis of the limestone which lies at 
the base of this marl in the Boydon cutting ; it was made for us by 
Dr. W, Johnstone, and wc have jdaced beside it an analysis by 
Prof. Way, of a hard bed in the Chalk-marl of Farnham (B), which 


has a very similar composition : — 

A. B. 

Insoluble residue (silicates, &c.) . . 0*64 7*26 

Carbonate of lime 89*46 85*95 

Sulphate of lime 1*32 *10 

Carbonate of magnesia *18 1*18 

Potash and soda — 1*47 

Manganese *40 — 

Alumina 1*40 *20 

Peroxide of iron 1*10 1*74 

Soluble silica — 2*11 


100*50 100*01 
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Just as this limestone lithologically resembles the harder beds of 
the Chalk-marl, though it holds fossils which are characteristic of 
the Gault, so also there is a resemblance between the lioydon 
marls and the softer Chalk-marls of the south of England, as will 
be seen by comparing the analysis above given with the following 
(A being one by Prof. Yoelcker, of a Wiltshire Chalk-marl*, B one 
by Prof. Way, of a soft marl, near Farnham, in Surrey t, and C by Mr. 
J. W. Knight, of the Chalk-marl at Horiiingsea near Cambridge) : — 



A. 

B. 

a 

Insoluble residue (silica, &c.) 

22*80 

21*35 

16-()0 

Soluble silica 



21() 


Carbonate of lime 

76-80 

70*88 

09-00 

Carbonate of magnesia .... 

1*72 

*75 

1*80 

Sulphate of lime 

2-()5 

•35 


Potash and soda 

truces 

1*00 

2*3() 

Alumina and iron 

1-02 

2*31 

3*70 

Organic matter and loss . . . . 

1-00 


0*00 


00*99 

09*70 

100-00 


The proportion of carbonate of lime is a little larger than in 
the lioydon marl, but near enough for us to conclu(l(‘ that the latter 
was formed under such conditions of depth and distance from land 
as afterwards prevailed in the soiith of England during the formation 
of the Chalk-marl ; consequently we may infer that the Gault sea 
in Norfolk was deeper and more distant from land than the Gault 
sea of the south and centre of England. 

If we now compare the analyses of Cluilk-rnarl, or even that of 
the harder and more calcareous bed at Farnham, with analyses 
of the beds at the base of the Chalk at ITunsi-anton, wo shall see 
how much more calcareous the representative of the Chalk-marl 
becomes in Norfolk. The following analyses of (A) the “ Hponge- 
bed” and (B) the Inoccramtis-ho^ have been kindly placed at our 
disposal by Dr. W. Johnstone : — 


Insoluble silica 

A. 

3*17 

B. 

3*38 

Lime 

53*23 

51-50 

Carbonic acid 

42*20 

40*54 

Phosphoric acid 

•20 

•16 

Sulphuric acid 

, traces 

•09 

Alumina 

•35 

•35 

Peroxide of iron 

•32 

•50 

Manganese 

traces 

•47 

Magnesia 

•75 

•25 

Sodium chloride 

traces 

•75 

Moisture and org. matter . . 

. traces 

1-40 


100-40 

99-39 


* Journ. Bath and W. of Engl. Soc. ser. 2, vol. vii. p. 240. 
t Journ. Roy. Agric. Soc. vol. xii. p. 551, In this, after combining the mag- 
nesia, the sum of OO^CaO has been taken as giving the amount of CaCO , 
though the amounts are not in strict theoretical proportion. 
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The amount of carbonate of lime in A may be taken as 95*5 per 
cent., and in B as 92 per cent. ; for although the Inoceramus-hed is 
so gritty to the touch, it is really a pure limestone, and does not 
contain a larger quantity of silica than the compact limestone upon 
which it rests, its grittincss being entirely due to the angular 
fragments of hard Inocsramus-shell, of which it is so largely 
compos(id. 

We were also (hisiroiis of knowing the, chemical composition of 
the red marls, which occur at Grimston, Iloydon, and Dersingham, 
and to see avIicIIkt the last was morc^ closcdy relat(h in this resj)cct 
to tlie Roydon marl or to the Jhal (yhalk of Hunstantou. By the 
kindnciss of Dr. Johnstoiui, to whom we semt samples, we have 
been furnished with tlu^ following analysers of (A) the Grimston, (B) 
the Itoydon, and (C) the Dersingham Marl : — 


8ilic.'\, *and silicates 

A. 

22-(i0 

B. 

24*13 

c. 

25*70 

Carbonate? of limt? 

09*50 

(;i*40 

04*49 

Carbonate of magnesia .... 

*90 

•90 

1*32 

Sulphate of lime 

*00 

*3() 

•33 

P(‘ro\'ide of iron 

3*40 

0*00 

4*10 

Alumina arid jhosphorie acid 

1*00 

•90 

•SO 

Ma,ngaii(?st? 

trace 

traces 

trac^es 

Organic mattt‘r, Ac? 

1*34 

3*25 

3*20 


lou-oo 

lOU-OO 

] 00-00 


It will he seen that the three arc‘ very similar in Iluir com- 
position, th(^ marls from Itoydon and DtTsiiighani being almost 
identic^al, although llu' localities an^ morc^ than four miles a})art. 
A comparison of tlu; above* ajialysc‘s w'ith tliat of the overlying 
grey marl at Itoydon (p. shows tliat tlu’y may be regarded 
as tlu^ same; marl, coloured red by pt'roxide of iron, the pr(>])ortions 
of siliceous 7natte?'s aiul earbonati' of lime l)eiiig almost the same, 
while tilt? jiroportions of iron and alumina art* in an inverse ratio. 

Th<‘y all (litler from tlu? Ixed Ghalk, an analysis of which has 
been givtui by ^Ir. Wiltshire'^'; and tlu? following is that of a pink 
sample from llunstariton, l>y Dr. Johnstone : — 


8iliea, &c. 7*50 

Carbonate of lime 83*81 

Alumina l*t)7 

IVroxido of iron 5*72 

Maiiganest*. *58 

Magnesia *62 


99*90 

This is, lithologically, a chalk ; but its being so does not prove it 
to bo stratigrapbically Chalk, any more than the composition of the 
Itoydon marl proves that to be Chalk- marl. 

* Quart. Journ. Cfeol. Soc. vol. xxv. p. 185. 
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§ 5. Faults and the Change of Strike. 

Prof. Judd has called attention to the frequency of cross faults 
in the district where a change of strike takes place*. Such is the 
case in the north of Gloucestershire, where the Jurassic escarpment 
changes its strike from a northerly to a north-easterly direction, 
and, again, in llutland, where it resumes a northerly strike. 

The same phenomenon is exhibited in the district we have 
described, where the Chalk escarpment changes its direction from 
north-east to north ; but the faults are much less easily detected, be- 
cause there are no sharp contrasts in the lithological characters of the 
beds, like those which exist among the Jurassic rocks, and it is only 
when a definite horizon, like that of the Melbourn Itock, is followed 
across the country that anything like good evidence is obtained 
of the existence of such faults. 

At West Ilow, near Mildenhall, a small fault is seen in section ; 
but its throw is small, and as we were not able to trace tluj out- 
crop of the Melbourn liock round Mildenhall, we canuot say 
whether tJicre are others ; but the change of strike certainly 
begins here. 

We feel sure that an important fault is hidden beneath the 
alluvium of the Brandon river, for, as already stated (p. 505), the 
horizon of the Melbourn lloek, near Lakcmheath Station, is at or 
below the fen -level, whereas on the northern side of the valley, 
near Hock wold, it is 40 or 50 feet above th(i alluvium, and the 
Lower Chalk forms a prominent ridge which extends westward from 
Hockwold for a distance of about two mile^s. There must therefore 
be an east and west fault, with an upthrow on the north side. 

We also think that there are two parallel faults near Feltwoll, 
between which a narrow block is thrown uj), so that th(i outcrops 
are shifted eastward for a space, but resume their normal position 
to the north of Feltwell. This inference, however, depends entirely 
on the correctness of our supjmsition that the. beds exposed in the 
old lime-kiln south of F(dtwell belong to th(‘. Chalk-marl, 

From Feltwtdl the outcrops appear to be continuous .as far as 
Whittington, the strike being nearly due north, and the btids 
having a slight inclination in the direction of the strike, so that at 
Whittington the Melbourn Hock is not so far above the lcv(d of the 
fen as it is at Hockwold and Feltwell. On crossing the Stoke 
river we find the Tottcrnhoc Stone at a somewhat highcjr level 
than that of the Melbourn liock at Whittington, and as the out- 
crop of the Lower Chalk here runs north-west for some miles, it 
looks at first sight as if there were a fault bringing up the lower 
beds on the N.W. side of the valley ; but it is probable that the real 
strike is still nearly due north and south, and it will be seen that 
a line connecting the outcrops of the Melbourn liock at Whittington 
and Marham would not deviate much from this direction. There 
may be a fault with a northerly upthrow, but there is no clear 
evidence of its existence. 

♦ “ Geology of Eutland,” Mem. Geol. Surv. 

Q.J.G.S. No. 171. 2 b 
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There can be little doubt, however, that Stoke is the centre of a 
shallow syncline (whether faulted or not), and that just as the beds 
fell northwards along the strike to Whittington, so beyond that 
place they rise northward to Marham, where the Melbourn Bock 
attains a high elevation without being much in advance of the line 
of strike. This northerly rise will account for the emergence of 
the Gault and Lower Greensand from beneath the fen, and it wiB 
also explain the carrying back of the outcrops so far eastward by 
the valley of the Nar, which would otherwise seem to require the 
agency of a fault 

Noith of Marham and Karborongh it is possible that the level of 
the base of the chalk still continues to rise ; but if so, the diminution 
in the thickness of the Lower Chalk keeps the normal level of the 
Melbourn Bock nearly horizontal; for though we do not possess 
accurate information, the height of its outcrop at Marham and 
at Hunstanton appears to bo nearly the same, and these two places 
are, we think, about on the true line of strike, viz. a north and 
south line, without any appreciable trend to the west, such as would 
appear if the line from Narford to Hunstanton were taken to be the 
true lino of strike. 

Thus the district we have described may be regarded, geometrically, 
as consisting of three portions or blocks, the first extending from 
Mildonhall to the Lrandon river, the second from that river to the 
Btoke river, and the third from Stoke to Hunstanton. The first 
two of these blocks have received a slight tilt to the north, so that 
the beds rise along the strike southwards, the third has an inclina- 
tion in an opposite direction. 

ll. is evident that these faults and tiltings have a considerable 
effect upon tlie surface- con tours of the country, and it seems probable 
also that the t;ilting of the first two blocks has a connexion with 
the change of strike. Tn seeking for the cause of this change, we 
must ask oui'sclvt's which is likely to have been tlic original strike, 
the northerly strike of Norfolk, or the north-easterly strike of the 
Midland counties? We think there can ho little donht that the 
former was the original strike, imparted to the (h'etaceous rocks hy 
the ni)heaval at the close of that ])eriod, and tliat the north-easterly 
strike was the direction given to the esear])ment by the disturbances 
which produced the London and Hampshire basins. In other words, 
we hold that the influence of the synclinal cur\'-ature of the London 
basin does not extend beyond the latitude of Mildcnhall, and that 
nortli of this the original strike of the Cretaceous rocks is preserved 
with little alteration, and has not been affected by the disturbances 
above mentioned. 


§ 6. Summary and Inferences. 

Gault . — With respect to the Gault we claim to have established 
the following facts : — 

1. That the Gault can he traced through Norfolk from Stoke 
Ferry to Dersingham, where it thins out. 

2. That it is divisible into an upper and a lower portion, and 
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that it contains a peculiar layer of reddish marl or clay, which 
remains as a hasement-bed after the more Ganlt-like material has 
thinned out. 

3. That the ^Torfolk Ganlt, as a whole, is much more calcareous 
than the Midland Gault, and that its upper portion cannot be called 
a clay, but is a light-grey chalky marl, with occasional layers of 
yellowish-grey limestone. 

4. That the fossils of those limestone bands decide the real age of 
the beds. 

6. That microscopical examination shows a decreasing amount of 
inorganic matter (quartz, mica, and felspar) as the beds are traced 
northward, with an increasing proportion of organic material (Fora- 
minifera and shell-fragments), which becomes very large in the 
Iloydon and Grimston Marls. 

0. That there is an entire absence of anything comparable to the 
raalmstones, ragstones, or glauconitic sands of the so-called Upper 
Greensand. 

The increasing amount of calcareous matter in the Gault as it is 
traced northward through Dforfolk is, we consider, a fact of much 
importance. It is evident that in passing from Dorsetshire to 
Norfolk we travel further and further away from the source of the 
meclianical sediment, and get nearer to oceanic conditions. The 
quarfczose sands of the so-ealled IT])p<n- Greensand appear to die out 
in North Wiltshire or in Berkshire, the malmstones die out in Buck- 
inghamshire, and marly clays of the Upper Gault take their place 
to the northward ; in Bedfordshire tliis Upper Gault is very cal- 
careous, and it is still more so in Norfolk, wlierc the Lower Gault 
also becomes calcareous, aud the whole formation gradually passes 
into a thin calcareous deposit. 

Just as the upward succession of tho Gault clays at Folkestone 
from the dark-ldue pyritous clay of the Lower Gault to th(3 Jighf- 
grey marly clay of the Upper Gault, indicates in all probability a 
deepening oi the sea in wbieb Iboy were deposited, so tbc lateral 
passage from tbe argillaceons Gault of Bedford and Cambridge to 
the marly clays of West Norfolk means an increasing depth of water 
and distance from land in this direction. 

These considerations are, in oiir opinion, quite sufficient to explain 
why tho Upper Gault in the centre of West Norfolk hoars so great 
a resemblance to Chalk-marl, and why it contains layers of lime- 
stone and red clay. 

This chalk}' marl is, in fact, the dee])- water representative of tho 
Upper Gault and so ranch of the Ujiper Greensand as can be shown 
to bo the equivalent of the Upper Gault. 

Chalk-marl . — AVith respect to the Chalk-marl itself, we may 
summarize our results as follows : — 

1. That it maintains its average thickness as far as Stoke Ferry, 
but then tliius rajiidly northward, and decreases to 18 feet at 
Hunstanton. 

2. That its lithological characters alter, the upper part becoming 
harder and whiter before it begins to thin ; hard beds also make 

2r2 
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their appearance below, and the marly beds thin out, till at and 
beyond Grimsion the whole division consists of hard chalk. 

3. That for a certain distance its basement-bed is a glauconitic 
marl, but that this thins out beyond Marham, and the overlying 
bed of hard white limestone then forms its basal layer. 

4. That microscopical examination shows that the proportion of 
Eoraminifera and recognizable shell-fragments increases as the beds 
are followed northward, and that the hard beds of north-west 
Norfolk may be regarded as the condensed equivalent of the true 
Chalk-marl, differing from it by the greatly reduced amount of 
inorganic matter and of glauconite grains. 

lied Chalk , — We are now in a position to indicate the bearing 
of our work on tlie debated question of the exact age of the Red 
Chalk. In the absence of anything like ordinary Gault, Upper 
Greensand, or Chalk-marl at Hunstanton, the remarkable stratum 
which there lies at the base of the Chalk has been referred by 
different observers to each of the formations which appeared to be 
missing — to the Gault by most of the earlier writers and by Mr. 
Wiltshire, to the Uj)per Greensand by Prof. Seeley (on the strength 
of its fossils being similar to those of the Cambridge Greensand), 
and, lastly, to the Chalk-marl by Mr. Whitaker. Everyone, however, 
has discuvssed the question principally'^ from a local point of view, 
founding their arguments mainly upon a consideration of the rock 
and its fossils as seen at Hunstanton. It is true that Mr. C. B. 
Rose and Mr. Wiltshire both obtained some items of stratigraphical 
evidence, but they were rather mciagre, while the value of Mr. 
Whitaker's remarks is dirainish(‘d by his having then mistaken the 
Upper Gault of Norfolk for Chalk-marl. 

It was evident, therefore, that the problem could only^ be solved 
by following up the component bods of the Gault and Clialk-marl 
from an area in which tlu^y were more normally d(3Veloped. 8uch 
stratigraphical work, however, was by no means t^asy ; for these 
strata form a low-lying tract of country, whore natural or artificial 
exposures are few, and wh(‘re they are often conceah^d by spreads of 
Boulder-clay and gravel. Wo think, however, that the borings we 
have made, and the facts we have observed, are sufficient to deter- 
mine the stratigraphical relations of the beds we are discussing. 

As already stated, we have ascertained that in Norfolk there is a 
complete but rapid or sudden transition from Upper Gault to Chalk- 
marl, without the intervention of any quartzose or glauconitic 
sands ; but we would point out that these are not exceptional relations, 
and that the Stoke and Shouldham sections may almost be matched 
near Ivinghoc in Buckinghamshire and Totternhoe in Bedfordshire. 
At both these places there is an entire absence of anything which 
can truly be called Upper Greensand, and there is a complete passage 
from marly Gault into Chalk-marl, the passage-bed being a dark- 
grey marl with many spangles of mica and small grains of glauconite. 
The explanation of this passage is that the sands and rock-beds of 
the so-called Upper Greensand have been gradually replaced by the 
marls of the Upper Gault, while the green glauconitic marls seem 
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to have thinned out, so that there is a direct transition from the 
Gaiilt-marl to the Chalk-marl. It is hardly too much to say that the 
structure of the Totteriihoe district affords the key to that of West 
Norfolk, because it explains that passage from Gault to Chalk which 
has been such a puzzle to those w^ho have examined the Norfolk 
sections. It is now evident that such a comjdet-e transition from 
one formation to the other is the normal condition of things in that 
part of England which lies to the north-east of Euckingliainshire. 

This being so, we are comideteh* relieved from the lujcessity of 
finding an ecpdvaleut of the l"pj)er Greemsand jis distinct from tho 
Upper Gault in the Hunstanton section, and it only remains to 
decide w'hcdhor tho K(m 1 Hock in that section is the (‘qui valent of tho 
Norfolk Gault or of the Norfolk Chalk -marl. This qut‘stion seems 
to find a decisive answer in the following (*onsidera,tions : — 

1. That the Norfolk Gault becomes increasingly calcareous towards 
the north, till at Dersingliam it i>asses into 7 feet of marly and 
chalky material, the lower ]K>rtion of whit*h is coloured rcnl. 

2. That th(^ microsco|)ical vstructun*. of the Jliinstaiiton rock bears 
the same relation to the red and yi'llow marls of Dei’singham that 
the hard Clialk-inarl of Norfolk do(‘S to the softer (Jhalk-marl of 
Cambridg(*shiri\ 

3. That the hard whitish limestone which overli(^s tlui rei>reson- 
tative of tho Gault from (h’iuiston to Dersingliam is identi(*al, in 
our o])inion, with tho so-called ‘‘ sponge-bod ” which overlies the 
lied Hock at Hunstanton. 

4. That tho fossils are chiefly Gault species, and ai‘(‘ siudi as 
would constitute a deep-sea. fauna couteinjiuraneous with that of the 
shallower and muddier water in which tho (hmlt of South Ihiglaiid 
was formed. 

Ej’oui tlu‘se promises we come to tin* inevii/able conclusion that 
the Hcd Hock of Hunstanton must lio the equivalent of the Gault, 
and not of its iqqier division onl}^ but tliat it is a condensiHl repre- 
sentative of both Lower and Iqqier (fault, formed outside the limits 
of the area reached by mud-bearing currents. 

Camhridiic Gre('}imnd . — It has been stated above that the transi- 
tion from (laid! to Chalk-marl must be regard(‘d as the normal shite 
of things in tlu< counties of Hedfoid, lI(;rtford, Cambridge, Suffolk, 
and Norfolk. Now it is true that, over a large part of this ania, 
there is no such transition, but, on tho contrary, a plane of erosion 
between the two formations, and a nodule-bed at the base of tho 
Chalk-marl, containing fossils and jihosjdiates derived from the 
Gault. But this must be regarded as an abnormal condition of 
things; as ex])lained by one of us twelve years ago^% the Hertford 
and Cambridge area w as part of a tract of the 8(;a-bottom which was 
invaded by rapid currents, and over this tract a certain jiortion of 
the Gault was sifted and swept away. In the south of England the 
interval is represented by certain glauconitic sands and marls ; but in 
Norfolk there seems to have been simply an absence of deposition, 

♦ Jukes-Browne on “ The Relations of the Cambridge Gault and Greensand.” 
Quart. Journ. Geol. Soc. vol. xxxi. p. 256 ei seq. 



594 Oisr THE UPPER CRETACEOUS IE -WEST SUFEOLK AND NORFOLK, 


the interval being here marked by the sudden change from Gault to 
Chalk-marl, and from “ Ited Rock” to white limestone. 

The diagram, fig. 6, is drawn with the view of illustrating the 
normal succession in the counties referred to, and the manner in 
which this is broken by the erosion of the upper part of the Gault 
over a certain space. From this it will be seen that we are pre- 
sented, as it were, with the two ends of the stratigraphical chain, 
and that, in the interval beween Totternhoe and Stoke Ferry, the 
total thickness of the Gault has diminished from about 230 feet to 
60, the difference, 170 feet, being entirely the result of thinning- 
out. The additional information which has been obtained since the 
publication of the paper on “ The Relations of the Cambridge Gault 
and Greensand,” makes it now possible to estimate more accurately 
the width of the area over which erosion took place, and the 
maximum amount of the Gault which was i*emoved from the central 
portion of this area. 

In the first place we must point out that, though there is a steady 
decrease in the total thickness of the Gault, yet between Tring and 
llitchiji there would a2)pear to be an increase in the thickness of 
the Lower Gault from 150 to 204 feet, so that if the Upper Gault 
liad maintained the thickness it presents near Tring, namely, 80 
feet, the formation would have had a thickness of at least 284 feet 
near Hitchin and Arlesey. There is, however, good reason to believe 
that the Upper Gault becomes rapidly thinner as it is traced north- 
ward, and (jould never have been more than 20 or 30 feet thick at 
ilitchin, so that the original thickness of the Gault tliere was pro- 
bably about the same as near Triug, though the relative thicknesses 
of the tw^o subdivisions wert^ different. 

North of Arlesey the Lower Gault diminislu^s in thickness, and it 
is assumed that ibis is mainly due to the erosion it has undeigone : 
it is not impi’obablo, however, that this division attained its gi’oatest 
thickness at or near Arlesey, and that it thinju^d northward as 
rapidl}' as it did and does to the southwa On this suj)i)Osition it 
would have had a thickness of 150 feet at Cambridge, and to this 
must be added a certain thickness (say 20 feet) for the Upper 
Gault. 

The diagram, fig. 7, shows the actual surface of the Gault be- 
tween Cheddington (near Tring) and Dersingham in Norfolk, and 
the broken lines show what we suppose to have been the original 
surfaces of the Lower and U])p(‘r Gault respectively. From Arlesey 
to Cambridge tlicsc are drawn iu accordance with the inference that 
the Gault was originall}^ 170 feet thick at tlie latter place, and, as 
we believe that the Gault at Stoke Ferry has not suffered from 
erosion, the diagram is easily com]>le ted by joining the lines between 
Cambridge and 8toke. It will he seen that the slope thus obtained 
agrees very nearly with that of the actual surface between Stoke 
and Dersingham. 

If the data on which this diagram is founded are correct, the 
maximum amount of Gault removed from any part of the eroded 
area appears to be 50 feet. The base of the Gault is drawn as a 



The shaded parts represent the remaining Upper Gault. 



^,^Diagram lowing the alternation of Gault and Lower Chalk between Cambridge and Humtanton, 
(Horizontal scale 8 miles to 1 inch.) 
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horizontal line, but it would not make any difference to this calcula^ 
tion if it were a curved one. It is quite possible that the Gault 
below Arlesey fills up a hollow in the surface of the Lower Green- 
sand, and that its u])por surface is nearly level, but the thicknesses 
would of course remain the same. 

It mij 2 ;ht be said that the assumed thickness of the Gault at Cam- 
bridge (176 feet) is too great, and that the Lower Gault may have 
thinned out moni ra.i)i(lly noiihward of Arlesey than it does south- 
ward ; but we re]>ly that on the other hand it may have continued 
tx) thicken for some distance north of Arlesey, for we have no real 
evid(!nce to the contrary. We think that, considering all the cir- 
cumstances, the thickness wc have assigned is a reasonable one, and 
that the projection as shown in the diagram has a more natural 
apj)(airancc than if the original thickiKJss at Cambridge were taken 
to bo l(‘ss. 

A further inleixuicc^ may be drawn from this diagram, for if it is 
a fairly {iccurato repr<‘seiitatioii of the facts, it will enable us to 
predicate tlu^ ])robable limit of the Cambridge Greensand in a 
northerly dirc‘ction. This will be indicated by the point where the 
line representing the original slope of the Gault meets the line 
represcntii»g its ])reseiit surface ; now the pjolojigation of the 
pr(*sent slope north of Soham meets the line for tlie base of the 
Ul)p(T Gault at a ])oint about seven miles south of Stoke Feny, and 
hence it may be ex])ected that the Cambridge (k>prol it e-bed will be 
found to extend beneath tlie fens to this point, or at any rate for a 
distance of lo miles beyond Soliam. It is ])r()bable that tlie number 
of derived nodules and fossils diminislied gradually to the north- 
ward, and that tlu^ lied passes gradually into the glauconitic marl of 
Stoke Ferry : aiul further, since wc found a derived jihosphatic 
specimen of Avirula in that marl, it is evident that 

Htoke cannot be far biyond the limits of the eroded area. 

Toiti r}fhof jSftnir . — The siratigrajihical imjmrtanco of this band 
lies chi(‘iiy in its affording the means ul‘ tixing the upper limit of 
the Chalk-marl ; for if this stone had not been rccognizahle, it would 
have been very difiieult to draw any line between the Grey Chalk 
and the still harder chalk representing the Chalk-maii ; hut, as a 
couseq\ieuco of tracing this stone through the west of Norfolk, we 
were able to recognize the horizon in the Hunstanton cliffs, and 
thus to give a more satisfactory reading of that section than any 
which has hitherto been jiroposed. 

The Totternhoc {Stone partakes in the universal attenuation of 
.the Lower-Chalk strata in West Norfolk, diminishing from 20 feet 
at Burwell to 4 feet at Stoke Ferry, and 2 feet at Hunstanton, but 
its lithological characters undergo very little alteration. 

Grny Chall \ — It is interesting to observe that the chalk over- 
l 5 diig the Totternhoe Stone exhibits the same separation into a lower 
grey and an upper white portion that we have observed in this 
division elsewhere ; the characters of the upi)er white portion are, 
indeed, more distinctly marked than they are further south, the rock 
being so much harder than the underlying grey chalk that in old 
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pits it has a tendency to form an overhanging cornice. In thick- 
ness this part of the Lower Chalk diminishes from about 80 feet near 
Newmarket to about 35 feet near Hunstanton. 

Belemnite Marls . — The component strata of this zone are so per- 
sistent in the midland counties that we were not prepared to find 
such a difference in the Norfolk sections, and, in the absence of any 
exposures between Snailwcll and Whittington, we can only say that 
a great change takes place in the interval, and that this change is 
in hjirmony -with those exhibited by the other beds. It consists in 
a diminution in the amount of the muddy ingredieni, and this con- 
densation continues till, in the north of Norfolk, the marly element 
is almost eliminated, so that in the absence of fossil evidence it 
becomes impossible to recognize the horizon. 

Tlu: Mt llmini lloclc. which forms the base of the zone of JUif/))- 
choneUa Cvvicri and of the IMiddlo Challv, ])resents substantially tlic 
same characters as it possesses in the countit'S of Cambridge and 
Hertford. It is evident that at this time dec])-sca conditions pre- 
vailed over the vvliole area, conseciuent perl laps upon an accele- 
ration in the rate of subsidence, so that a deposit of the same kind of 
sediment was formc'd over a large area. 

In conclusion, we would point out tliat the total amount of diminu- 
tion in the thickness of tlie l^ower (!halk bet ween Newmarket and 
Hunstanton is 115 feet, being the difference between 170 feet at 
N(?wmarket and 55 feet near Hunstanton. In 8])ite, however, of 
the reduced thickness of the Lower Chalk in West Norfolk, w<' 
have found that its zonal divisions can be brought int-o harmony 
with those which have been established in the midland and southern 
counties. 

This having been done, wm now ])ossoss a surer basis for th(i 
study of the Lower Chalk of Lincolnshire, which is known to be 
gcnei’all}^ similar to that of West Norfolk. The Totternhoo Stone 
has not y^ct been identified in the nortluTn counties, Init the Hun- 
stanton section show’s that its attenuated representative may still be 
found in Lincolnshire', since the Lowmr Chalk is certainly somewhat 
thicker than it is near Hunstanton. 

Djscussion. 

The President remarked on the difficulty of correlating a series 
of beds which have become greatly attenuated and meet together. 
Ho also commented on the difference of opinion as to the paleonto- 
logical evidence wdiere the fauna is elsewhere so largely developed. 
There was a difference as to geological position, though general 
agreement as to thinning. 

Mr. E. T. New'ton acknowledged how much the Society was in- 
debted to the Authors. He was not acquainted with the district in 
(luestion, but had at different times been consulted by both Mr. Hill 
and Mr. Clement Ileid. Unfortunately circumstances had prevented 
those gentlemen from meeting to discuss this question, although 
^ey were desirous of doing so. W^ith regard to the fossils collected 
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by Mr. Reid at West Dereham, the greater part were phosphatized, 
and might have been derived ; but the few which evidently belonged 
to the bed were thought to indicate Chalk-marl rather than Gault. 
Fragments of large Imcerami were such as occur in the Chalk. 
The correlation, by the Authors, of the Hunstanton Red Chalk with 
the Gault, if i)roved, was of great interest. 

Dr. Hinde also spoke in vei ification of the Authors’ work. 

Mr. Hudleston regretted the length of time which had elapsed 
since he had entertained any of these questions, but the paper was 
calculated to arouse the old interest. He had always thought that 
the fossil contents of tlie Hunstanton red rock pointed most clearly 
to its being, in the main, on the liorizon of the Upper Gault. These 
were, in the main, Mr. Wiltshire’s original views, and the objections 
arising from lithological differences had been surmounted years ago. 
Conse<iueutly it was with the utmost 8uri)rise that he had read from 
time to time the several inter])retatioiis which liad been put forth. 
In the present paper it would seem that the Autliors claimed that 
the Hunstanton red rock n.'presented the whole of the Gault. Cer- 
tainly the occurrence of Amm. internipius in the chalky Gault a 
very few miles south of Hunstanton was in favour of this view, but 
ho should like to know of its occurrence at Hinistanton. The attenu- 
ation of the various bods so carefully traced out by the Authors, 
besides tending to throw much light on the basal Upper Cretaceous 
in Lincolnshire, would ultimately oxjilain what had hitherto been 
regarded as an anomaly in the Chalk of Vorkshiro. 

Mr. Teall had not studied the subject since lie wrote his essay 
on the l*otton and \\^i(^kcn plios])batic deposits. Ho was pleased to 
find that there was good reason to believe that bo bad not made a 
mistake in recording the occurrence of Gault in West Derebani. The 
section Avas well ex])Osed when he examined it, and ho satisfied 
himself that the jdiosphatic nodules were, to some ext<mt, at least, 
indigenous to the deposit in whicli they were found. 

Mr. JuKEs-JlnowxE, in re])ly, alluded to tlio difi'orenceH of opinion 
expressed by his colleagues on the SurAcy, and, as Mr. NoAvton had 
said, they had not yet met Avitli a a icaa" to coming to an agreement, 
but he believed that it Avould found that the Avork done in 
Norfolk Avould have much bearing u])oii the interpretation in 
Lincolnshire and Yorkshire. Mr. Reid had given up his reliance 
on the stratigraphy. The presence of Amm. interntjtttis in the 
base of tlie Marl at West Derobam Avas a fact that could not be got 
over. The presence of a nodule-bcd did not necessitate any great 
break in the sequence ; it merely represented the residual washings 
of a certain amount of sediment. Their paper was a confirmation of 
Mr. Wiltshire's conclusions, and that autlior had himself heard of a 
rod bod overlain by grey clay near Plitcham. The Hunstanton 
specimen of Annn. interraptm ought to be in the W^oodwardian 
Museum, He would remark that Amm, rostratiis was not confined 
to the Upper Gault, but was common in the Lower Gault of Rucking- 
hamshire, where there was a mixture of Upper and Lower Gault 
forms of Ammonites, 
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40. On GiioovES and Quaetzite Boeldees in the Rogee Mxm at 

Dekinfield. By James Raecliffe, Esq., E.G.S. (Read 
Marcli 23, 1887 .) 

The Roger Mine, shown on Ordnance sheet no. 105, six-inch scale, 
of Ashton-nndcr-Lyne and Bukinfield, is extensively worked at 
Denton, Dnkinfield, Ashton-under-Lyne, and in the neighbourhood 
of Oldham. 

At Dukinfield coal is being worked at a depth of five hundred and 
fifty yards, and aver ages about four feet in thickness. Quartzite 
boulders have from time to time been found in this mine, and have 
been noticed on various occasions in communications to the Man- 
chester Geological Society, in vols. xiii. and xiv. of their Transac- 
tions. 

The groovings and boulders are not found in any mine or strata 
in this nciglibourhood, c'xcept in whnt is known as Ihe lh>ger Mine, 
which lies Jiear the top of the middle series of the Majiclicster 
coalfield. Ihit occasionally (]uartzite pebbles have been found by 
Mr. G. AVild, of llardsley, in the Arhy ami Tomfret Min(‘s. The 
single groovings vary in depth from a fi*w inches to eightiam inches, 
and in width from one foot to three feet. Occiisionally stweral of 
these grooves run close together, and then widen out into one broad 
“ scour, ’’or groove, of liftecn or oven eight eiai feet wid(}, as if the 
base of a large moving body had come in contact with the upper 
surface of the (;oal-bed. Tlu‘se grooves have been traced at intervals 
over a distanc(u)f from five to six hundred yards in length, and from 
fifty to sixty yards in Avidth. 

The Itoger-Mine seam of coal is eom])Osed of three di\'isioiis : — 
the “upper,” a soft, ])ngh(, frce-biiriiing coal; tlie “middle,” or 
“ bony-ba,nd,” a liard, dull, stony-loold ng coal; the “lower,” or 
bottom be{l, a d nil-looking coal Avitli two ])artings. The di]) of the 
measures is Avest, and has au inclination of 18 degrees. The 
mean line of bearing of the grooves is S. 50° E. ; line of fault-slips 
&c. is S. 2()° W. Tlu^ line of the grooAms is not connected with, 
nor is it nearly ])arallel to, any fault or fault-slii)s. Then^ arc no 
faults or dislocations of the strata for a considerable distance from 
where these grooA^t's are s(‘en. No fossil trees or specimens of 
Sti(jmari(t are found Avith the boulders, or in the; immediate 

neighhourliood of the grooves. The cleavage of the coal is about 
S. 15° E. 

All the fault-slips, joints, &c. come upwards through the floor 
beneath the coal, through the coal, and into the roof overlying the 
coal, which is not tlie case with the grooves ; these are not seen in 
the floor, nor do they ever reach the bottom of the coal ; they rarely 
extend to the middle coal, the “ bony-hand ” being undisturbed 
except in two cases 1 noticed : one in the form of an undulating 
ridge in the “ bony-hand ” on one side of the groove, as if caused by 
pressure from the centre of the groove, w'hich, being in the upper 
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part of the seam only, the cause must have been from above, and not 
from below ; the groove could not be made from below without 
affecting the strat a below the coal, and the coal in which the groove 
is made. In the case of onr faults &c., the cause is from below, for 
we often find them in a lower seam, and entirely absent from the 
upper ones. 

In tlui cross-sections of the grooves arc scjen layers of the same 
kind of shale, varying in colour exactly the same as on each side 
where the coal-seam is intact ; these layers incnnise in thickness at 
the low(U‘ j)art of the. groove, and gradually lesscm in thickness as 
they n(‘ar the top of th(‘, groove, until th(?y bc^come j)arallel tx) the 
layers in the strata on each side of the groove, the sides of which 
are raised up a lit tle, as if they had been pressed by the ])assage of a 
body iilong the groove*. AVliero the sides are so pn'ssed the “ bord” 
or “ cl(!at ’■ of the coal is d(*stroyed, and often a mixture of coal and 
earthy matter is pr(!S(‘nt.. The groovings always commence with a 
narrow “ scour ” or small groove, then increase in breadth and depth, 
and afterwards thin entirely out. 


Fig. 1 . — Phm of the Uocfer Dul 'nifidth 

(Seale *100 yards to 1 inch.) 



On the plan (fig. 1) is shown the position in which several of 
these boulders were found. 

One of the boulders exhibited, with the block of coal upon which 
it lay, showed that the upper side of this block of coal is inferior 
in quality, a common occurrence immediately round about the 
boulders ; the coal under the boulder shows a considerable amount 
of compression. 
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The roof in which these boulders are partly imbedded (part in 
roof and part in coal) consists of a grey shale, of an argillaceous 
character, with dark shades of carbonaceous shale forming layers 
varying in colour and from three to four feet in thickness up to a 
black parting, above which is a light-grey shale with rock binds; the 
floor upon which the Roger coal rests is an inferior fire-clay mixed 
with bands of coaly matter. 


Pigs. 2-5 . — Boulders in Coal^ in the lio(jcr Mine, 


Fig. 2. Fig. ;i. 



Fig. 4. 



fl. Metal with rock-bands. 
6. Coal. 


Fiir. 5. 



The boulders are coal-blackened only as far as they are buried 
in the coal, and appear to have been dropped quietly on to a soft 
bottom ; in one instance the boulder stood edgeway up, not flat 
down the others were. 

The sectional sketches (figs. 2-5) show the positions the boulders 
occupied in the measures in which they were found, they being 
foreign to the surrounding strata, much harder, different in form 
and structure. 

No. 2 boulder (fig. 2) found imbedded in the coal, the upper edge 
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flattened, and level with the top of the coal-seam ; it is 
rough, angular, and pitted with holes from three eighths 
to three quarters of an inch in depth, on its sides and 
end. 

!N“o. 3 boulder (fig. 3) found on the top of the coal-seam, but only 
partly imbedded in the coal, the other part in the roof, the 
layers of which were parallel on each side of the boulder ; 
the top and one side flattened, subangular, the carbonaceous 
coating mixed with iron pyrites. 

I^’o. 4 boulder (fig. 4), very smooth and round, found entirely 
covered by the coal, the top of the boulder being six inches 
below the top of the coal ; where tliis ocicurs the coal cover- 
ing the boulder is of an inferior character and shal}^ often 
mixed with thin partings of dirt and shale. 

No. 6 boulder (fig. o) found j'esting on the coal-seam, a little 
imbedded, and partly surrounded by coal-sliale, and covered 
with the roof, same in kind as the surrounding strata ; sur- 
face smooth. 

Por the following details of the minej‘al coin])()sition of these 
boulders, I am indebted to tlie kindness of Professor Bonney, F.E.S. 

No. 1 boulder weighs one hundred and sixty-six pounds, and is 
‘‘a quarizite, grains iriosily angular, some siihaiignlar, a few mode- 
rately rounded, inaxiinum about •027", hnt< <he nmjorit}^ about half 
the size ; ocjcasioiial small grains of chaleedouie aspect, such as 
might (‘om(.‘ from a V(‘ry minuiely granidar qunrizite, a vein, or a 
fine-graiiKYl schisf. There urc besides sonuf small ojinqiw grains^ 
probably iron -oxide, a few of a. mineral resembling a raihen* dirty 
epidote, and two or three of tourmaline, with some flakes of white 
mica, and perhaps a litile felspar.’’ 

No. 2 boulder weighs om^ liuiidred pounds. “ A hard quart zoso 
grit, composed of fraguieids itiueh about the same size and wshapo as 
in the last; bnt in these- there is a largeu’ pro])ortion of the chalee- 
doiiic quartz, which soinclimi'S strongly suggests a dcrivatirm from 
a very fine-grained schist . Then^ is also a eonsideiahle number of 
brown earthy-looking grains ; th(*s(‘ may be decomposed felspar, but 
many of them have much more thc^ ajqieainm t’ of a decom])osed de- 
vitrified rhyolite, tbougli not- of a very acid tyj)e ; some maybe com- 
pact argillites. Tlu' evidence as to the iintine of these is hardly 
conclusive. The slide contains a very few flakes of mica, and a 
grain or two of ei)idote, hornblende (?), and tourmaline, but fewer 
than in the last ease.” 

No. 3 boulder weighs four pounds. “ A fine-grained grit formed 
of fragments commencing about •005" in diameter ; angular in 
shape, consisting of quartz, a felspathic substance (as to the exact 
nature of which it is difficult to pronounce), about equal in quantity 
to the quartz. There an* flakes of mica, green-coloured and white, 
granules of iron-oxide, and, as before, one or two grains, probably 
epidote and tourmaline.” 

No. 4 boulder weighs twelve pounds. “ A rock very similar to 
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No. 1, but perhaps with a shade more earthy matter among the 
granules of quartz. We find the same adventitious minerals.’^ 

No. 5 boulder weighs five pounds. “ A grit somewhat resem- 
bling No. 2, or intermediate in character between it and No. 3. 
Fragments rather distinctly angular. 1 recognize some felspar by 
its plagioclastic twinning, but a good many of the grains suggest 
either an argillite or a decomposed rhyolitic rock. There are gran- 
ules and specks of iron-oxide, two or three grains of tourmaline, and 
a few flakes of mica.” 

No. 6 boulder weighs thirty-one pounds. “ A quartz-grit, rather 
ferrite-stained ; grains rather variable in size and shape, the larger 
and rarer about •025" diameter. The quartz, besides minute cavities, 
contains occasional belonites, rutile (?) ; o]io or t wo grains are chalce- 
donic. There are also grains of iron-oxide, epidote and tourmaline 
(rare), and flakes of mica and, as before, a few fragments of de- 
composed felspar (?). 

“ In more than one of these specimens secondary quartz can be 
seen, deposited in crystalline continuity wilh the original fragments. 
Nos. 1 and 4, es])ecially, bear a veny close resemblance to the rock 
of a quartziie pebble found by Mr. (Iresley in a coal-seam in Leices- 
tershire, and to that- of a large pebble taken out of the thirteenth 
coal a-t the Cannock-Chase Colliery near llugeley. 

“These quartzites present consid<‘rablo usscmiblance to the rocks 
of some of the pebbles in the Biinter conglomerate of the midland 
counties, in which occasional grains of tourmaline, and of the mineral, 
which 1 have identified as juobably epidote, may ho found. 

“ They also resenihle some of the (piartzlL's in tluj Loch-Maree 
district, in which also these two minerals may bo detected.-’ 


Discussion. 

Mr. W. W. Smyth said the occiirreuco of the boulders Avas an in- 
teresting plienomenon, on account of the absence of pel>hle.s generally 
throughout the Coal-measures al)ove the ^lillstoue Crit. Only now 
and then, throughout the enormous area of coal daily raised, some of 
these boulders were unearthed. Tlw boulders are worn on the 
surface*, polished and sometimes striated. He had seen, in <iom])any 
with the late Hr. Biriney, a num])er of th(‘8(5 boulders, some with a 
coating of coal, others ])artly coated with a film of iron pyrites, just 
like some slickenside surfaces. One popular ex])lanation was that these 
boulders were meteorites, an ntterlj^ untenable supposition. He had 
never seen one of these boulders actually imbedded. The whole 
subject so far appeared to be very obscure. 

Trof. Boyd Dawkins said such boulders were far from uncommon 
in parts of Lancashire, and all appear to he of a very similar quartzite 
to the specimens exhi}>ited. The grooves w^ere not necessarily con- 
nected with the boulders. The upper surface of a coal-seam was 
generally uneven, and often showed denudation by water. He had 
seen remarkable markings made apparently by snags. He was 
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inclined to think that the boulders came from some of the Pro-Car- 
boniferous conglomerates in the north of England and Scotland. 
These boulders may have been transported to their present position 
by roots of trees. 

Mr. Elanford suggested that the grooves might have been caused 
by floods at the time when the beds were being deposited. He 
had seen similar excavations in plains over which water had passed. 
He also noticed how rapidly evidence of glacial action in Car- 
boniferous times is accumulating in various j)arts of the world. 

Prof. Eonney pointed out that boulders were sometimes imbedded 
in the coal, and did not always project above the seam. 
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41. On Chordrosteds acipbrseroidbs, Agamz. 

By James W. Davis, Esq., F.L.S., &c. (Bead March 9, 1887.) 

[Plate XXIII.] 

Two species of Chondrosteus have been described by Sir Philip 
Egerton, viz. Chondrosteus aeipenseroidcs and C. crassior. Both 
were obtained from the Lias of Lyme Eegis. The former species 
was known to Lonis Agassiz, who named, but did not de- 
scribe it (‘ Poissons Fossiles,’ vol. ii. part 2, p. 280). In 1858 
Egerton communicated a paper to the Iloyal Society (Phil. Trans, 
vol. xlviii. p. 871) on Chondrosteus, in which he described a number 
of specimens, which he referred to the species named by Agassiz and 
to the second one named above. The specimen which afforded the 
most perfect description was in a slab of indurated shale. A part 
of the head and the tail were missing ; the length of the parts 
preserved 'was 15 inches, and the total length of the fish was esti- 
mated at 24 inches. This, together with examples of the head of 
C. aeipenseroidcs, and a head aiid a good example of the tail of 
0. crassior, afforded a large amount of detailed information, on which 
Sir Philip Egerton was enabled to base the descriy)tion and the deter- 
mination of the genus. The characters of the sjiocics arc indicated 
as follows {loe* eit, p. 883) : — “ The numerous specimens derived from 
smaller individuals present indications of two species, one having 
the bones of the head thin and smooth, the other being characterized 
by stronger cranial plates, having a granulated exterior. The anal 
fins of the latter are more massive, and have the transverse articu- 
lations at shorter intervals. I propose to retain the Agassizian 
name Chondrosteus aepenseroides for the former, and to designate 
the latter as Chondrosteus crassior/^ In addition to these, mention 
is also made of a third species, (7. pachyurus, a large fish, estimated 
at 5 feet in length ; only fragments were known, the tail being most 
perfectly 2 >reserved. Of the tail, the most remarkable character is 
“ the excessive develoi)ment of the scales bordering the upper margin. 
The size and solidity of these scales is such that they more resemble 
the broad teeth of an Ac7'odus than any dermal development with 
which I am acquainted.” The length of the tail is a])out 1 8 inches. 

Examples of the fossil fishes of the genus Chond rosteus, Agass., are 
not unfrequently found in the Lias shales of Lyme Kegis ; but it rarely 
happens that a specimen is found so well preserved as the one it is 
now proposed to describe (PI. XXIII.). The head (with the excep- 
tion of the snout), the trunk, and the tail are exceptionally complete, 
and during fossilization have maintained their proper relative 
position. The bones remaining in their natural position afford 
evidence, which has not hitherto been available, of the exact size 
and relative proportions of the fish ; and, what is of equal or still 
greater importance, in addition to the osseous structure of the head 
and that of the tail, a considerable portion of the elements of the 
vertebral column is preserved. The dorsal and pectoral fins ere 
Q.J.G.S. No. 171. 2 a 
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present, and the ventrals are represented by a mass of bony ray 
broken and fragmentary, but indicating clearly the position of the 
fins. The anal fin is wanting in this specimen. The length of the 
fish, from the tip of the upper lobe of the tail to the anterior extremity 
of the head, so far as preserved, is 44 inches. Of this length, the tail 
occupies 12 inches ; and the head, from the posterior margin of the 
scapular arch to the anterior extremity of the mandible, is 9’2 inches. 
The height of the posterior part of the head is 9 inches. The body 
behind the head decreases rapidly in size ; between the dorsal sur- 
face and the pectoral fin there is 7*5 inches. At the anterior base of 
the dorsal fin, ten inches furtlujr back, the depth has decreased to 
6*5 inches, and this is reduced at the tail to 2*5 inches. The ex- 
pansion of the caudal fin is very rapid, the extremities of the lobes 
being 13 inches apart. The single dorsal fin is separated from the 
occiput by a distance of 11*5 inches; its base extends 6'5 inches, 
and its posterior extremity is 5*5 inches from the base of the caudal 
fin. The ventral fin is opposite to the posterior part of the dorsal ; 
its anterior rays arc separated from the anterior rays of the pectoral 
fin by a distance of 13 inches, and from the base of the tail by 
about 7 inches. Its base was between 4 and 5 inches in extent. 

The head in this specimen is proportionately larger and deeper 
than the body of the fish. This comparative largeness is due, to 
some extent, to tlie efiects of lateral ])res8ure during fossilization, 
by which the skull has been squeezed liiit on its side. The cranial 
bones, which eoven'd the surtaco of the crown, are pressed into a 
lateral position, dividing down e.ach sido from the rnodian suture. 
The facial and maxillary, the hyoid and branchial elements are also 
pushed consiclorably fjdin tbeir proper position, though they still 
maintain their relative positions with regard to each otlier. 

The head, as })i(‘scTved in this specimen, has lui almost circular 
outline, with a diameter of about 9*0 inches (see diagram, p. (507). 
The anterior termination of the snout is absent, and no evidence is 
afforded as to tho length to which it. may liavo extended forward, 
this part, of the specimen having been most unfortunately broken and 
lost during its extraction Irom the matrix. 

The cranium was protected by dermal bones or scutes. The 
upper surface was enveloped by largo ]>latcs, which extended down- 
wards so as to encircle the orbit, and the postcro-lateral surfaces 
were covered by a, large expansion of the opercular apparatus. The 
anterior portion of the head beneath tho orbit does not exhibit any 
traces of external defence. In this respect the fossil Chondrosteus 
differs materhilly from the existing Sturgeons, in which the whole 
of the superior surface of the head is enveloped in osseous plates. 
The opercular apparatus is large and well developed ; its posterior 
margin rests on the depressed anterior surface of the scapular arch. 
The operculum (28*) is 3-5 inches in height and 3*0 inches in 
breadth ; its anterior margin is somewhat angular, and the inferior 
one forms a concavity fitting to the upper convex margin of the 

* The numbers thus given in brackets are tliose employed by Sir Bicbard 
Owen to indicate the bones of the bead. 
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suboperculum (32). The latter is 2*0 inches in breadth and 1*0 inch 
in depth, ovoid in outline, with an acute angle behind and an obtuse 


Diagram of the Bones of ths Head o/ Chondrosteus acipenseroides 
(One third natural size.) 



pf, postfrontal. sc, scapular. 

/r, frontal. op^ operculum. 

pa, parietal. c, coracoid. 

ma, mastoid. sop, guboperculum. 

80, supraoccipital. r, radius. 

ex, exoccipital or petrosal. w, ulna. 

88 , suprascapular. branchiostegal 

km, hyomandibular. rays. 

bs, basisphenoid. ch, ceratohyal. 


ht, hypotywpamc. 
mt, mesotympanio. 
mx, maxilla. 
md, mandible. 
p, palatine. 
as, alispbenoid. 


presphenoid. 
«), infraorbital. 


0, orbit. 


one in front. The external surfaces of the opercular bones 'are rudely 
punctate, and exhibit a series of lines or striae radiating from the 
upper anterior surface towards the margin. To the lower concave 
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anterior margin of the operculum there was, probably, attached an 
inter-operculum ; but though its place appears to be indicated, there 
is no trace of the bone remaining. 

The frontals, postfrontals, parietals, mastoid, and some of the 
occipital bones are present. There is indication of an extension of 
the frontals on a portion of the matrix, which extends about an inch 
forward from that part of the dermal bones actually preserved. 
All the bones are united by sutures. The frontals are 2*5 inches 
in length and 1*0 inch in breadth ; the)^ are broadest posteriorly, 
where they join the parietals and mastoid. Attached to the inferior 
margin of the frontal is the postfrontal (spheriotic of Parker), 
shorter than the frontal, and extending downwards so as to embrace 
the upper margin of the orbit; its posterior margin articulates 
with the mastoid. The mastoid is a large plate, with a length of 
3*0 inches ; it is 1*3 inch in width near the posterior extremity, 
diminishing forward to 1*0 inch. The centre of the plate is 
considerably raised and forms a ridge; from this the -surface 
declines to the extremities, which are miicli thinner and are jagged 
and uneven where attached to the neiglibouring plates. The 
external surface of the mastoid is coarsely striated or ridged. The 
ridges radiate, for the most part, from the centre towards the 
margin ; the surface of the ridges is covered by strips of ganoine, 
apparently thin, and not extending to the has(^ of the intermediate 
striations. The parietal plates are equal in size to the frontals ; 
they are rhomboidal in outline, roughly striated on the surface, 
the stria) radiating from a slight elevation of the median portion. 
Connected with the posterior margin of the parietal plate there 
is a long and narrow hone. It extends backwards 3*0 inches, 
and is 0*5 inch in width. It presents the appearance of being 
a lateral bone, having a complementary one on the opposite 
side of the head, to wiiicli it is auchylosed or joined by suture. 
In the recent Sturgeon a single^ median bone terminates the 
cranial covering, and is suc(;eedt?(l by the closely-imbricating series 
of scutes, which extend along the dorsal surface of the body. In 
the fossil there is no evidence of such a series of dermal scutes, 
and this posterior portion of the dermal covering of the cranium is 
proportionately much elongated ; the lateral surfaces of the com- 
bined plates are produced along the median line, and form a raised 
and acutely angular ridge. The posterior surface of the plate is 
covered with coarse pustulations of enamel ; its anterior portion 
envelopes, and apparently affords attachment to, the upper extremity 
of the sux->ra8oapular. The bones occupy the position, and are pro- 
bably the equivalents, of the supraoccipital (8). Another bone, 
thin and widely expanded, whoso posterior margin is overlain by 
the suprascapu]j|ir, whilst its anterior one lies hidden by the dermal 
bones of the postorbital region of the skull, from its position * 
must represent either the exoccipital or the petrosal portion of 
the base of the cranium, and may have been connected with tho 
basisphenoid by cartilage when living, though now separated by a 
distance of 0*25 inch. 
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The orbit is oval, 1*2 inch from back to front, and 0*76 inch in 
height. Its upper margin is bounded by the postfrontal (sphenotio) 
bone, to the lower anterior extremity of which there is attached a 
long and narrow bone (100), which bounds the orbit anteriorly and 
separates it from the nasal orifice. The anteorbital region of the head 
is, for the most part, lost. Suf&cient indication of the arrangement 
of the bones composing that part is left to show that the nostril was 
large, and was, in its turn, surrounded by osseous structures forming 
the anterior termination of the snout ; unfortunately the extent to 
which the latter projected cannot be ascertained, but a comparison 
of the bones composing tlio skull of the fossil with those of recent 
species appears to indicate a short rather than a long snout. The 
infraorbital margin is occupied by a bone, or series of bones, it is 
not easy to determine which, extending backwards from the lower 
part of the one already mentioned as dividing the orbit from the 
nasal cavity beneath the orbit, forming a semicircular ring, and 
joining the under surface of the cranium at the point where the 
postfrontal is attached to the squamosal or mastoid. 

The base of the skull is formed by bones more completely ossified 
than in tho existing species of Sturgeons, and forming the roof of the 
branchial, as well as the buccal cavity. The posterior portion of the 
basisphenoid (6) extends posteriorly considerably beyond the point 
of attachment of the suprascapula (post-temporal). It is broadly 
expanded, thin, and fibrous in structure. Its extension forwards is 
hidden for some distance by the epitympanic (hyomandibular), 
beyond which it can ho again traced, extending beneath the orbit 
and the nasal cavity. Lateral expansions of the bone appear 
beneath the suture joining the mastoid with the frontal, and, in 
all probability, represent the alispheiioid (prooticum) ; while the 
extension further forward may represent tho j^resphonoid or vomerine 
portion of the roof of the mouth. 

The posterior margin of the head is formed by the scapular arch, 
which extends in the form of a semicircle from the occipital region 
of the skull, giving attachment to the pectoral fin, and extending 
as far forward as the anterior margin of the operculum. The 
upper portion of the arch is formed by the suprascapular (post- 
temporal, 46), extending from the base of the skull 2*5 inches ; it 
is long and narrow, thick posteriorly, and convex in outline ; 
anteriorly, the bon© is thinner and slightly expanded towards its 
lower extremity. Attached to the suprascapula is the second bone 
of the series, the scapular (supraclavicula, 47) ; it is 3’0 inches in 
length, thick and strong, slightly over 1*0 inch in breadth in tho 
upper ‘part, but becoming narrower towards its lower extremity. 
The anterior portion of this element of the arch, like that of the 
suprascapular, is comparatively thin and aliform. The coracoid 
(clavicula, 48) is a large hone, extending beneath *the scapula at 
its upper extremity, and curving downwards anteriorly beneath the 
opercular apparatus, by which it is, to a large extent, enveloped. 
It is thick and rounded, affording a strong support to the large 
pectoral fin. Its exact form is hidden by the overlapping operculum. 



610 MB. J. W. DAVIS OB' CHOBDROSTEUS AOIPEBSEROIDBS. 

a^d the inner extent of the bone cannot be distinguished. Between 
the coracoid and the pectoral fin there are two bones connecting 
them together. The anterior one, 0*7 inch in breadth and 0*25 in 
length, is rounded in front, where it affords a substantial support to 
the large anterior ray of the pectoral fin ; behind it is somewhat 
attenuated. The second intermediate bone extends from the pos- 
terior extremity of the one described to the termination of the base 
M the fin, and is nearly 2*0 inches in extent; to it are attached 
the bases of the remaining rays of the pectoral fin. The two bones 
i^obably represent the radius and ulna of Owen (coracoid and 
isoa^ula of Parker and Huxley). Sir PhiHp Egerton*, in his de- 
ieription of the genus Chondrosteiui, states that the elements of the 
bony girdle encircling the thoracic region, which in recent Sturgeom 
are three in number, in the fossil genus are reduced to two, by the 
coalescence of the scapula and the coracoid. “ The external portion 
[of the combined soapulo-coracoid] is crescentic, the concavity being 
anterior for the reception of the opercular flap. At the point of 
attachment of the pectoral fin the bone is thick and rounded ; the 
upper or scapular portion expands gradually into a triangular 
plate, thinning off towards the upper extremity for adjustment with 
the suprascapular bone ; the lower or coracoid portion also expands 
as it descends, sweeping under the thorax, and meeting the corre- 
sponding bone of the opposite side on the median line. . . . Anteriorly, 
each Bcapulo-coracoid expands into a broad concave plate, directed 
inwards and forming the platform of the branchial cavity, and 
partitioning it off from the thoracic cavity.” In the specimen now 
described the great lateral and anterior expansions do not appear 
to be developed as in the specimens described by Sir P. Egerton ; 
and the scapula and coracoid are separated, the two overlapping 
midway between the attachment of the pectoral fin and the junction 
with the suprascapular. The small bones connecting the scapular 
arch with the pectoral fin in the s])ecie8 already referred to are said 
to be a series of strong metacarpal bonot , of which those supporting 
the hinder rays are longest. A reference to the plate (op. cit Ixix. 
57) on which these bones are represented will show that the metar 
carpols are not similar to the bones existing in this specimen, de- 
scribed as equivalent to the ulna and radius ; they have the appear- 
ance of being merely fragments of the raj^s of the pectoral fin which 
have become detached. This pectoral fin is large and comprises 42 
rays. The anterior ray is spinous, thick, with expanded base for 
attachment ; it gradually tapers to a point, terminating 2*5 inches 
ftom the base. The succeeding rays are the longest. In this specimen 
there is preserved & length of 4*25 inches, but the distal extremities 
are imperfect, and at least one inch more would be required to com- 
plete the length of the fin-rays. The base of the fin nearly 
approaches 3*0 inches in length, and the fin-rays gradually diminish 
backward ; the posterior rays are not more than half the length of 
the anterior ones. The rays increase, towards the distal end, by 

** On Chondrosteus^ an extinct Genus of the Sturionid© found in the lias 
formation at Xyme>Begis,'* Phil. Trans, vol, cxlviii. 1858, p. 871. 
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bifurcation. A keel extends along the lateral surface of each ray, 
and a line of pustiilations extends along the median surface of the 
keel. The anterior ray or spine is quite smooth. The fin is 
capable of wide expansion ; as preserved, the breadth of the outer 
margin of the fin is equal to the length of the anterior rays. The 
pectoral fins in this species approach the existing forms in possessing 
a strong, spinous anterior ray, and, to the same extent, seem to 
differ from the fossil forms described by Sir Philip Egerton from 
the same locality. 

The tympanic arch or suspensoiium consists of three parts, each of 
which is represented by a tolerably complete ossification, and together 
they connect the cranial bones with the mandible. The epitympanie 
or hyomandibular (23) is the most prominent bone of the series : it 
is 3'3 inches in length, the articular surface is 1-2 inch across j it is 
contracted in the middle, and expands again at its lower extremity to 
slightly under one inch in breadth. The bone is thick and strong, and 
has a solid fibrous appearance. Its upper extremity has a double 
surface for articulation, and was connected with the mastoid, and 
probably with the postfrontal bone, though the connexion is not 
quite so clear as that with the mastoid in this specimen. The 
lower extremity is rounded and thinner than the upper; to it is 
attached a smaller plate, the mesotympanic or symplectio (31) ; 
the latter is partially covered by^ the operculum posteriorly. Its 
exposed surface is 0*8 inch across ; its lower extremity affords 
attachment to the hypotympanic or quadrate (26), an ossification of 
considerable size supporting the posterior extremity of the man- 
dible. Its form is not readily distinguishable. Its posterior margin 
is covered by the operculum ; anteriorly its extent is lost amidst 
several smaller hones which may pertain to the hyoid apparatus. 

The hycid apparatus is mostly hidden by the bones of the tym- 
panum and the operculum. Eetween the siiboperculum and the 
mandible, a distance of 2 or 3 inches, the ccratohyal (38) may 
he distinguished, with six short bones attached to it, the latter 
evidently bearing some relation to the hrancljiostegal rays (43) ; the 
posterior ray is one inch in length, those succeeding are shorter, 
and they also diminish in thickness. The anterior bones of the 
hyoid arch are obscure. In a cavity above the ceratohyal, bounded 
by the posterior part of the lower jaw and the hypotympanic, three 
bones are exhibited ; the exposed parts are 0-2 inch in thickness 
at the anterior end, decreasing backwards as they sink beneath 
the superincumbent bones. These osseous rods represent some part 
of the branchial apparatus, probably the basal portion of the 
ceratobranchials. 

The mandibles and the maxiUaries in this si)ccie8 are large and well 
ossified ; in this respect difi'ering considerably from the existing species. 
There is no evidence of teeth, and the inference naturally arises 
that the fossil, like its recent representatives, was devoid of teeth. 
The mandible (34) is 4*5 inches in length, to the extent preserved ; 
hut it is probable that a little more must be added, because the bone 
ends abruptly ; its anterior termination is wanting. The external 
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surface of the jaw is strong and rounded, 0*5 inch in diameter. 
Posteriorly it becomes thinner and assumes an expanded form ; the 
inferior margin is also rounded, whilst the superior extremity is 
produced to form a styliform process extending backward quite 
half an inch. It was probably by this process that tjie man- 
dibular bone was connected with the quadrate or hypotympanic, 
with which it is in close proximity. The part preserved may 
be equivalent to the dentary element in the lower jaw of the 
Teleosteans ; and the posterior articular portion which connected 
the jaw with the hypotympanic, in this specimen defective, 
may have been mostly cartilaginous, with a thin osseous struc- 
ture, of which there is a trace extending over the ceratobran- 
chials. The maxillary bone (18) is large and crescentic in outline ; 
its anterior portion, like that of the mandible, is thicker and 
stronger than the posterior. It commences in front in connexion 
with the premaxillary ; the upper margin of the former is overlain 
by the lower portion of the latter. The total length of the maxilla, 
allowing for its curvature, is 4*5 inches ; its height at the anterior 
part is 0*6 inch. The upper surface is deeply concave, the lower 
one angular ; the depth at 2*0 inches from the anterior extremity is 
increased to 1*0 inch ; thence it decreases towards the upper 
posterior extremity to 0*35 inch about half an inch from the end. 
The latter again expands and is more or less rounded. 

The posterior expansion of a largo bone midway between the 
orbit and the maxilla is the palatine (22). It is 1*3 inch in 
breadth, the length of the part preserved is 2*0 inches. It has 
a fibrous structure radiating from the anterior extremity of the 
broken bone. Its posterior margin is rounded, the anterior part 
is constricted to 1*0 inch in breadth. The remaining part of the 
bone has disappeared with the whole of the anterior extremity of 
the head, by the loss of a portion of the slab on which the fossil is 
exposed. The posterior margin of the palatine is in close contact 
with the tympanic elements and with the posterior extremity 
of the upper jaw. Between the palatine and the epitympanic bone 
there are a few small bones or fragments, of an indefinite character, 
which cannot be localized with any amount of certainty. 

Osseous neurapophyscs are preserved in the anterior portion 
of the body. There is no trace of the vertebral column nor 
of ribs or hsomapophyses, except in the caudal fin, where haemapo- 
physes support the lower lobe, as will be mentioned hereafter. 
The neurapophyses extend from the occipital region of the skull, 
situated high in the body, to the base of the dorsal fin, a length of 
13*0 inches. In this length there are preserved 35 neurapophyses 
representing the same number of vertebrae. The first ray of the 
dorsal fin is inserted above the 30th vertebra. The total number of 
vertebrae comprised in the spinal column would in all probability be 
from 80 to 85. The anterior neurapophyses are 0*7 inch in length, 
divided at the baee for the passage of the spinal cord, somewhat 
constricted meaially, and expanded at the upper extremity to afford 
attachment to a second series of interspinous bones, 1*25 inch in 
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length, extending diagonally towards the dorsal surfaoe * of the 
body. The interspinous bones are more slender than the nenra* 
pophyses; they are forked at the base, and may afford pro- 
tection to a second canal. Sir Philip Egerton* cites the desciiption 
by Prof. Owen of the vertebrae in the existing Sturgeon as com- 
posed of “ two superimposed pieces on each side, the basal portion 
bounding the neural canal, the apical portion the parallel canal, 
filled by fibrous elastic ligament and adipose tissue ; above this is 
the single cartilaginous neural spine Of the fossil examples 
described by Sir Philip Egerton, it is stated that the neura- 
pophyses appear to be composed of two elements, corresponding to 
the basal and apical cartilages of the Sturgeon ; but whether they 
embraced a second canal, running parallel with the spinal cord, 
could not bo ascertained. The divided base of the apical neura- 
pophyses or spines of the specimen now described affords conclusive 
evidence that a second canal did exist in the fossil Ghomlrosieus^ as 
in the recent Sturgeon. In addition to the two sets of basal and 
apical neurapophyscs, the dorsal fin is supported by an additional 
double series of bones. Connected with the apical neiirapophyses 
there is a series of interneural spines, more or less pointed at their 
lower extremity, exceeding an inch in length, and with their 
upper extremities expanded so as to afford attachment to a second 
range of interneurals, to which the rays of the dorsal fin are 
attached. Between the expanded and rounded extremities of the 
two rows of interneural spines there is a cojdinuous space whicdi 
indicates a cartilaginous attachment of no small size and strength ; 
its decay has left the two sets of bones separated by 0*3 of an inch. 
The interspinous bones are strong, and would afford a firm base of 
attachment for the rays of the large dorsal fin. 

The dorsal fin extends along the back 6*5 inches, and its longest 
rays are fully 6*0 inches in length. It is composed of 66 rays, of 
which the anterior 15 are short and more or less rudimentary ; 
they occupy 1*75 inch of the base of the fin. The first rays are 
short, thick, and imbricating ; they gradually increase in length to 
about an inch. All are simple. The succeeding rays are trans- 
versely jointed, and increase rapidly in length to the seventh ; the 
twenty-second from the anterior extremity of the fin is the longest, 
the succeeding rays gradually diminish to the posterior extemity of 
the fin. All the rays, except the anterior fifteen, are jointed quite 
from the base. The longest anterior rays bifurcate three inches 
from the base, and the division is repeated nearer the distal extre- 
mity. The bifurcation commences in the posterior rays nearer the 
base in proportion to the length. 

The ventral fin is much disturbed. The fin-rays are numerous, 
many of the fragments are thick and strong, and indicate somewhat 
large and powerful fins. There is no appearance of ordinary pubic 
bones ; but the anterior origin of the fin is marked by a V-s^ped 
bone 1*2 in length ; it apparently forms a single piece for 0*5 inch, 

t Huntetian Bectures, 8vo, vob ii. p, 52 (1846 
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* Op. cit. p. 879. 

a. J. G. s. No. 171. 
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beyoBd which it bifurcates, possibly to support the two veutral 6qs. 
The bone is opposite to the anterior insertion of the dorsal fin. 

The anal fin is not represented. 

The caudal fin is very large, and a most powerful organ of 
propulsion. The upper lobe, as in the recent Sturgeon, is the 
longer of the two, and its extremity is more pointed than that of 
the lower one. The length of the upper lobe is 12*0 inches, that of 
the lower 10*5 inches, and the terminations of the two are 13'0 inches 
apart. Along the median portion of the upper lobe there is a series 
of dermal scales or scutes ; at the basal part of the tail they cover 
about an inch in breadth and extend almost to the termination of 
the tail, gradually diminishing in area until they end in a point. 
The scales at the base of the tail are of an elongated oval form ; 
iwsteriorlj' they arc greatly elongated and assume a rod-like form 
pointed at each end. The upper external margin of the fin is 
formed of a series of large, sigmoidally-curved, imbricating, fulcral 
scales. Those attached immediately behind the pedicle of the tail 
are about I’O inch in length, 0*2 inch in thickness in the middle ; 
the basal and distal extremities are somewhat spatulate and thin. 
Succeeding scales become more attenuated, and midway their length 
has increased to 2*5 inches, with a medium thickness of 0*1 inch ; 
thence to the end they diminish both in length and thickness. 
The strong basal fulcral scales are directly supported by a series of 
short but thick neurapopbyses. The latter do not appear to extend 
more than two inches beyond the base of the tail. The lower lol>o 
of the tail is supported by hmmapophyses of larger size and more 
solid construction than the neurapophyses ; they are expanded at* 
the base, and have evidently been firmly attached to a powerful 
vertebral axis. The latter w^as entirely cartilaginous and has 
disappeared. The haemapophyses can be distinguished a distance 
of six inches from the base of the tail ; they graduiilly diminish 
in length, but become broader and spatulate as they approach the 
termination of the vertebral column. Attached to the biemapo- 
physes there is a long sejies of interheemal bones, which form the 
base of attachment for the rays of the fin. The latter are strong 
mid jointed from the base. A few short rudimentary rays are 
followed by others which extend to the extremity of the lobe; 
they are divided towards the extremity of each ray, the divided 
poi*tions again bifurcating until the external margin of the fin has 
assumed a more or less filamentous condition. The rays decrease 
in length and thickness as they are successively attached to the fin, 
exten^ng quite to the extremity of the upper lobe. From the 
base to a point halfway towards the termination of the upper lobe 
72 rays may be counted ; beyond this point there are many others, 
but the actual number is not easy to determine. 

The specimen of Chondrosteus described in the preceding pages 
is nearly twice the length of those described by Sir Philip ]%ertoji 
(excluding O.fiavJiytirus^ which is only mentioned incidentally), whilst 
the depth of the body, taken in front of the dorsal fin, is 6 inches, 
the same as that of C. acipenseroidts^ so that this species approaches 
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maeh more nearly to the existing t 3 rpes. In this specimen the 
length of the body from the base of the pectoral hn to the pedicle 
of the caudal fin is 24 inches, the length of the caudal is 12 inches ; 
in Egerton’s specimens the proportions are as 16 inches to 9 inches ; 
though it is possible that as the caudal fin was not attached to the 
body ill the latter instance, the estimation of the proportionate 
len^hs of the body and tail may have been exaggerate in the case 
of the latter. The ventral and dorsal fins are described as being 
midway between the base of the pectoral and that of the caudal ; 
in this specimen the distance between the pectoral and ventral is 
14 inches, and between the latter and the caudal 10 inches. The 
dorsal fin of this specimen is readily distinguished by the large 
number of short rudimentary or accessory rays forming its anterior 
portion; and the pectoral fin is possessed of a strong anterior 
spinous ray very similar to that of some recent Sturgeons. 

Some differences in the cranial anatomy have been already 
mentioned. The division of the scapular arch into three parts — 
the suprascapula, the scapula, and the coracoid — in this specimen 
appears to be undoubted, whilst in those previously described the 
scapula and coracoid are said to be united. In the existing 
Sturgeons the two latter ossifications of the shoulder-girdle are 
separate*, and in the Ganoid fishes generally this is also the case. 

The mandibular suspcnsorium, in the examples described by 
Sir r. Egerton, is stated to consist of a large epitympanic bone 
connected with the tympanic pcjdicle ; the succeeding cartilages, 
the mesotympanic and hypotympanic, whi(h are represented in the 
recent Sturgeon by two cartilages, are united to form one bony plate. 
This united bone is very small and feeble as compared with the 
epitympanic, and is considered ill-adapted, either in form or dimen- 
sions, to afford an articulation strong enough to support the 
mandibular and maxillary organs. Dr. Gunther t states that 
the suspensorium in the Sturgeon is movably attached to the side 
of the skull, and consists of two pieces, a hyomandibular (epitym- 
panic) and a symplectic, which now appears for the first time as a 
separate piece, and to which the hyoid is attached ; as regards the 
second part of the suspensorial apparatus the Sturgeons are distinctly 
in advance of the palseoniscoid Ganoids, in which Dr. Traquair has 
seen no trace of symplectic +• 

A careful comparison of the numerous specimens of the genus 
Chondrostms^ at present located in the New Natural History 
department of the British Museum, has led to the conclusion that 
there is no specific difference between the species ChondrosteuM 
ampenseroides^ Agassiz, and €• erassior, Egerton. The characters 
separating the two, as stated by Sir Philip Egerton, are slight, con- 
sisting in the relative thickness of the cranial bones and the position 
of the anal fin. The former difference can scarcely be maintained, 
because the specimens merge gradually the one into the olher, and 

♦ Prof. W. K. Parker, “ On the Shoulder-girdle and Sternum.*' 

t ‘ Study of Fishes.’ 1880, p. 76. 

I PalseoniscidsB (Paleeonto^phical Soc.. rol. xxxi. 1877» p* 17) 



was known to Sir Philip Egerton having the body sufficiently 
well preserved to show the actual relationship of the caudal fin 
with the remaining constituents. The specimen herein described 
proves that there is no difference between the tail described as 
belonging to O. crassior and the one actually attached in this 
specimen to the body of C, adpemtroides, so that the former must 
be united with the latter species. It is very probable that better 
preserved specimens will exhibit an equal similarity in the anal fins ; 
and until such are found it must bo remembered that the anal 
fin on which Sir Philip Egerton based his determination is the 
one attached to the caudal fin mentioned above, and which is 
undoubtedly the tail of C, acipenseroides, Ag. 

EXPLANATION OF PLATE XXIII. 

Specimen of Chondrosteus aeipenmroidu, Ag., from the Lias of Lyme Begis, 
one-sixth natural size, op, operculum ; p, pubis (?) ; v, yentral fin. 

i)l8CUSBI0N. 

The pBKSiDEirT observed that the subject was one to which the 
Author had devoted much labour, and that the comparison of such 
fossil forms with existing ones was of the greatest importance. 

Mr. Smith Woodwaud regretted that there was no specimen to 
verify the drawings, winch seemed to show the bones with unusual 
dearness. A figure of so instructive a fossil would be especially 
valuable ; but he advocated a more modern nomenclature than that 
of the Author. He considered the absence of an anal fin accidental. 
These ChondroUei of the Lias formed the connecting-link between 
the old Palaeoniscidso and the living Sturgeons, notably Polyodmy 
and any contribution to their anatomy was thus very welcome to 
ichthyologists. 

Mr. Nbwtok remarked on the fact that the tail alone was all that 
Agassis had to work upon. In 1858 Egerton gave further descrip- 
tions, including parts of the head, but his specimens were crushed. 
Mr. Davis’s specimen was more perfect, and for the most part the 
bones of the head appeared to be in the position they ought to 
occupy. He criticize the position of the coracoid with reference 
to the scapula, the line between them being, as he thought, due 
to a Imeak in %e stone. The appearance of the mouth might 
also be due to breakage. He referred to the absence of the anal fin 
and to the apparently disjointed condition of the vertebral column. 

The Bbobstabt observed that the Auihtm expressly noted the 
absence of the anal fin. 
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42. Notes upon some Carbokiperotts Species 0/ Mitrchisokia in our 
Public Museums. By Miss Jake Dokalb, Carlisle. (Read 
May 25th, 1887.) 

[Oommunicated by J. G. Goodciiild, Esq., F.G.S., of H.M. Geological Survey.] 
[Plate XXIV.] 

It is exceedingly difficult to fix the limits of the genera of many 
fossil Gasteropoda and to ascertain their affinities with those of 
existing forms. As the soft j)art8 of the animals are never preserved, 
the only data upon which we can rel}' are such as may be derived 
from the form and structure of the shell. The most characteristic 
feature in the Murcliisonice is the slit in the outer lij), the successive 
filling-up of wliich gives rise to the formation of a band upon the 
whorls of the shell. Now this slit in the outer lip exists in several 
other genera, such as Pleiirototnaria, Plearotoina^ some species of Tar- 
ritella^ ^Uiqaaria^ tScyissarclla^ Ennuylnidd^ BcUen^jihon, and, to a 
greater or less degree, also in / J aliof Janthlna^ Emnnphalds^ (fee. Of 
these genera, those which Murvlihonia. most resem))les are Plmroto” 
maria and TarriteUa, and in some instances it is very difficult to 
draw the line between the genus Marchiaoida and Iho gcjius Plenro- 
tomarla ; in both gerui’a tlie slit is rej)resente(l on the wliorls by a 
well-defined ])and, and the only external difierence btdwetm the 
shells is the form of the spire, that of Mnrehisonta Ixdng elongated, 
while in Plearoiomarla it is sliort. But there are shells ot‘ every 
intermediate length, and these have been relcTrod sound imes to the 
one genus, and sometimes to the other, (h Jundstrom (‘Silurian 
Gasteropoda and rtcroj)oda of (iotland,’ ]). thinks it well to 

limit the genus M turhisonta to shells which have a long slender 
spire of more than six whorls. 

The structure of the shell of Plenrotomarla seems to difi’er from 
that oi Jliirchisoala in the interior being nacreous, and G. Undstrom 
states that man)' of tin? GotJandi(‘. J*lrn.n>t(>rnaria> have this inner 
pearly Inyer preserved, hut lie has not observed this structure in any 
of the M iircliisonvt' from the same beds, hi his description of 
JSl. cornprcHsa (\k K>0) ho says that “ tlic nuclid have a glossy surface, 
and look as if the interior walls of the shell had boon jiorcellanous.'' 
None of the British specimens of M nrehi.^onia that 1 have examined 
have shown any evidence of the internal character of the shell. 
Indeed, from the manner in wliicli most of those are iircsorved, it is 
difficult oven to ascertain the redative thickness of the shell; in most 
instances it is thin, but in others it ajipears decidedly thick, com- 
pared with the size of the shell. This tlnckiicss may not have 
existed in the original shell, for Mr. Etheridge informs me that a 
thickening sometimes takes place when the test is replaced by 
some mineral substance, as is frequently the case in the Palaeozoic 
Gasteropoda. 

Struck by the external resemblance of the Murcliisonim to the 
* Kong]. Svenska Vet.-Akad. Handl. Bd. adx. (1881), no. vi. 

Q. J.Q.S. No. 172 . 2u 
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Turritellm^ some of the earlier palaeontologists referred them to that 
genus. But in 1841*, A. d^Archiac and E. de Verneuil classed them 
together in a new genus called Murcliisonia^ the possession of the 
sinus in the outer lip being considered to distinguish them from the 
genus Turritella and from other genera of elongated shells to which 
they had been red'erred. In 1859, J. W. Salter (Geol. Surv. 
Canada, dec. i. p. 18) se]>aratcd from the typical Murc}iisoni(B 
elongated shells composed of rounded, head-liko whorls, and whose 
mouth is round, inshiad of being ovate and slightly channelled. To 
this group he gave the name of Jlormotoma, and took M. fjracilis, 
Hall, as the type. 

Whitfield (Bull. Amcr. Mus. Nat. Hist. vol. i. no. 8, lS8r>, p. Mil) 
considers it advisable to form a distinct genus for some other shells 
which have hitherto been classed as MurcMsonin. He calls this 
new genus fjophospira, and defines it thus : — “ Shells univalve, with 
elongated spires, and strongly carinated or keeled vohitions; whorls 
closely coiled in the upper part, but often becoming disconnected 
below from a too raj)id desc(‘nt of the coil, (central keel marking 
the position of a sinus or notch in the outer lip of the aperture. 
Axis usually minutely })orf orate when the whorls are not discon- 
nected. Types i1/. Hall, and il/. helicteres, 

Salter.” 

The exact value of these Riihdi visions can hardly be dc^lermined 
at present, hut possibly the discovery of better-preserved specimens, 
and the detailed (examination of the whole sorites of Iho Tahcoztnc 
forms possessing a slit in the outer li]). may eventually lead to the 
(establishment of several well-defined suhgteiiera. 

It is a question, however, whether t he Murchimthv may not bo 
more nearly allied to some specie's of TurrHeUa than was thought 
at one time ; for recent investigations have brought to our knowledge 
the fact of some species of Tvrrilcllu possessing a sinus in the outer 
li]). In January 1881, Mr. Marrat, of Liver])ool, first i)ointed this 
out to mo, and showed m(* some shells in the Liverpool Museum 
with a deep, narrow slit in tlie out(‘r lip, similar to that of Mur- 
clnsorria. These shells were collected in Bass’s Straits, by Capt. W. 
H. Cawne-Warren (ship ‘ Bedfordshire ’), Associate of the Lit. and 
Phil. Soc. of Liverpool, who presented them to tho Museum ; and 
Mr. Moore, the Curator, kindly enabled me to obtain two specimens 
in exchange for some fossil Gasteropoda. Mr. Marrat named this 
species T.famrata (in lit.). In tho Journ. Linn. Soc. Zoology, vol. 
XV. pp. 217- 230, 1881, the Kev. Boog Watson described some 
species of Turritella with a sinus in the outer lip, obtained in the 
dredgings of H.M.8, ‘ Challenger.’ These have since been more fully 
described and figured by him in ‘The Voyage of H.M.S. Challenger, 
Keport on the Gasteropoda, Zoology,’ vol. xv. 1886, p. 466. The 
depth of the sinus in Turntella seems to vary from a mere curve to 
a deep, Y-shaped slit, as in the Liverpool shell, and also in T, 
ruminata^ Watson, and 1\ accisa, Watson. This sinus is indicated 


* Bulletin de la Soc. Qeol. de France, t. xii. p, 154. 
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on the whorls by the strong arching of the lines of growth, both in 
Turritella and Murchismiia. But there is this difference between 
Tiirritella and MurcJiisonia, that, whereas the successive filling- 
iip of the sinus in Murchisonia forms a distinct band, which is 
limited on each side by keels or by grooves, it never seems to 
form a distinct band on all the whorls of Turritella. Jn T. run- 
cinata and T. arcim^ liowcvcr, the sinus lies between two carime ; 
and, on the other hand, G. Lindstriim says that in Murehl.^oula. 
atienuata., His., “ near the aperture in large specimens, the trans- 
verse ornamental striie above and beneath are contluent with the 
band, without any separating or bordering lines, and it continues 
only as an elevated ridge, sometimes not clearly distinct from the 
surface (‘ Silurian Gasteropoda and Pterojiodaof Gotland,’ p. 130). 
The moutli of MurcMsonia is different in form from that of Tur- 
ritella^ being longer and slightly channelled below, while that of 
Turritella is, as a rule, round(‘d or subquadrangular, though some 
species, such as T. admi rahiJijt, Watson, and T. lamellosa, Watson, 
are slightly channelled at the b.ase of the pillar. In the group 
IJormofoma^ Halter says that the mouth is rounded ; but 1 have not 
seen any sulHci(mtly W(‘ll-])resorved specimens to show this ; the 
specimen from which his typo is taken is evidently broken at the 
base of the mouth. 

Mr. Boog Watson also points out two remarkable features in 
Turritella., viz., the possession of a system of micros(50pic spirals, 
which covers the entire shell, and also the existence of an epidermis. 
If this latter had existed in M arehisonia., we could hardly expect 
any trace of it in be preserved in shells of so great an age, unless 
under exceptional circumstances ; and I have not come across any 
species of Murchisonia sufficiently well preserved to show whether 
they possessed tiio microscopic s])iraLs or not. Another point to be 
noticed is that Turritella possesses an operculum, and I am not 
a\varo of any o])crcula being found which can with certainty be 
referred to Murchisonia. There is also a greater variation in the 
spiral angle in Murchisonia than in TurAtdla., some of the shells 
being almost buccinoid in form. 

No observations seem to have been made upon the animals of the 
shells with a deep sinus in the outer lip, and it would be interesting 
to know if there is any difference between their form and that of 
the animals belonging to the shells which have the outer lij) merely 
sinuated. Thus some idea might be formed of the relative value of 
the sinus, with regard to making generic distinctions. 

The researches of Dali upon the animals of the recent species of 
Fleurotomaria have led to their being separated from the Haliotidae, 
and being assigned to a distinct place in a family of their own. G. 
Lindstrbm refers the genus Murchisonia to the family Pleuroto- 
mariadse, which position it may be well for it to retain, until further 
research throws more light upon its affinities. 

At present the synonymy of this genus stands as follows : — 

MuAcites (pars), E. E. von Hchlothcim, 1820, ‘ Petrefactenkunde/ 
p. 145. 
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Tumtella (pars), J. Sowerby, 1829, ‘Min. Conch.’ vol. vi. p. 125. 
Buccinum (pars), J. Sowerby, 1829, ‘ Min. Conch.’ vol, vi. p, 128 
Turritella, W. ffisingor, 1S29, ‘ Eequisse d un Tableau des Petrifil 
cations de la Svede,' 

Melanopsis, P. W. Hdningbaiis, 1830, ‘ Jahrbuch fiir Geologic nnd 
Petrefaktenkundo, von Dr. K. C. von Leon hard t und Dr. H. G. 
Bronn,’ p. 231. 

Ceriilmm, J. Steininger, 1831, ‘Benjcrkungen uherdie Versteiner- 
ungen welche im Uebergangs-Gebirgc der Eifcl gefunden werden.’ 
liostdlaria, J. Fhillips, 1836, ‘ GeoL Yorks/ vol. ii. p. 230. 
rievrotomaria (pars), J. Fhillips, 1830, ih. p. 227. 

Pleuroioma, J. Sowerby, 1839, ‘8iJ. Syst/ p. 012. 

Schizosioma (para), G. von Miinstor, 1840, ^ Bcithigc zur Pctrefak- 
tcnkimdo/ vol. Hi. p. 87. 

AhircJii Sonia, A. d’Archiac^ et E. de V^erneiiil, 1841, ‘Bull, de la 
Soc. G('oL de France/ vol. xii. p. 154. 

Tcrehra ?, J. riiillips, 1848, ‘Gcol. 8urv. JVfalvern Hills/ vol. ii. pt. i. 
p. 357, pi. xiv. Bg. 2, non 8ow. ‘ 8il. Syst.’ p. 610, ])1. viii. Bg. 15, 
ncc Phil. ‘Pal. Loss.’ p. 00, pi. xxxviii. fig. 182. 

Pleurotomariu (j)arH), G. & F. Sandbcrgcr, 1850-55, ‘ Verstcincr- 
ungon des llheinisclioii Schicditen systems in Nassau.’ 

PhuTotuniana (pars), E. d’Eichwald, 18()0, ‘ Lethsca Bossica,’ vol. 
i. p. 1160. 

The characters of the genus maybe thus defined : — Shell elongated, 
turreted, of numerous, gradually increasing whorls. Aperture 
longer than wide, with a short or truncated canal at- its base ; the 
columella is arcuated. In some sj)ecieH there is an umbilicus, and 
in others it is absent. In the outer lip there is a narrow and more 
or less dc(^i> slit, with paralhd edg(*s, the successive filling-up of 
which produces a continuous band throughout the whole length of 
the spire. This band is soraetimc's formed by a single elevated keel, 
or it may be flat and bounded on each side by keels or grooves. 
The linos of growth on the band an* mere or less strongly arched. 

On the upper part of the v horl they curve backwards to the band, 
and below they curve forwards again, and they indicate the succes- 
sive positions of the edge of the outer Ii]). The Mnrvhisonkv are 
frequently ornamented with keels or tnbercles, but they are some- 
times smooth, with the excei>tioii of the band. G. lindstrdm 
(‘Silurian Ga8tcro])oda and Ptt'ropoda of Gotland,’ p. 125) states 
that the “ oldest whorls are filled with organic do])osit of calcareous 
matter.” On p. 135 ho also describes a great peculiarity in the 
structure of J/. dejie.va, viz., the possession of two internal, longi- 
tudinal keels, continuing throughout the length of the shell, and 
resembling the interior ridges of the Ncrin€t>iv, 

The size of the MurcJimnuv varies greatly, some being less than 
one fifth of an inch in length, while others attain a length of three 
or four inches. 

The genus Muirliistmia is mainly confined to rocks of Palmozoic 
age. The exact number of species cannot, in the present state of 
our knowledge, be accurately determined. 



SPECIES OP MTTRCHISONTA. 


621 


Mfrchisonia anottlata, PhiU. ? (PI. XXIV. figs. 1, 2.) 

Rostellarla angulata, ? J. Phillips, 183G, ‘ Geol.Yorks.’ vol. ii. p. 230, 
pi. xvi. fig. 16 (dextra). 

Non Murchisonia anquhta, J. Phillips, 1841, ‘ Pal. Foss, of Bovons’ 
p. 101, pi. xxxix. fig. 189. 

Non Murchisonia anqulata^ A. d’Archiac and E. de Vorneuil, 
1842, ‘ Trans. Geol. Soc.’ 2nd ser. vol. vi. p. 356, pi. xxxii. figs. 6, 7. 

Non Murchisonia angulata^ A. Goldfiiss, 1841-44, ‘ Petr. Germ.’ 
vol. iii. p. 25, pi. dxxii. fig. 5, A, c. 

Non Murchisonia aiufulata^ J. E. Portlock, 1843, ‘ Geol. Hep. 
Londonderry,’ p. 418, pL xxxi. fig. 5. 

Murchisonia angulaia^ 11. G. Bronn, 1848, ‘ Index Paheontol.’ 
p. 747. 

Murchisonia angulatn, A. d’Orbigny, 1850, ‘ Prodr. de Pakbnt. 
stratigr.’ vol. i. p. 122. 

Murchisonia angnlaia^ J. Morris, 1854, ‘Cat. Brit. Foss.’ p. 258. 

Miirchiso)ii(( angufafa^'i Scdgwiek and F. M‘Coy, 1855, ‘Brit. 
Pal. Hocks,’ p. 531. 

Non Pleurotomaria angulata, E. d’Eicliwald, 1800, ‘ Lothaia 
Hossica,’ vol. i. sect. ii. p. 1 ISO. 

Non M urchisouia a^igulala^ J. Armstrong, J. Young, and B. 
Hobertson, 1870, ‘Cat. of the West. Scot. Foss.’ p. 5(). 

Murchisonia anguJata, 1. T. Bigsby, 1878, ‘ Thcs. Bovonico-Car- 
bonifcruR,’ j). 325. 

Non M urchisonia angulata^ L. G. do Koniiick, 1883, ‘ Faune dii 
Calc?. Carl), de la Bolgi(|uc,’ vol. viii. j)t. 4, p. 18, jd. xxxiv. fig. 4. 

As will be seen from the? above synonymy, considerable confusion 
has arisen with regard to the identification of tho AMurchisonla 
angidata of Phillips, owing to his having doscribod three distinct 
species under this name. In 183(), in tho ‘Geol. Yorks.’ vol. ii. 
p. 230, pi. xvi. fig. 1 0, Phillips figures and describes two different 
Carboniferous slmlls liostellaria angidata \ and in 1841, in tho 
‘Pal. Foss, of Devon,’ p. 101, pi. xxxix. fig. 189, he figures and 
describes a Bevonian shell as Murchisonia augulafa, identifying it 
with tho shells previously described as llostdlaria angulata, and 
referring them all to the genus Murchisonia^ d’Arch, & de Vern. 
This last shell is evidently quite distinct from those first d(?scribod, 
being much smfiller and the keels bdng differently disposed ; the 
only point of resemblance being that both it and the shell figured 
on the right hand of jd. xii. fig. 1 0, in the ‘ Geol. Yorks.,’ arc tricari- 
nate. With regard to the first two, it is somewhat difficult to 
decide which should be taken as the type of the species, only one of 
the original specimens being in existence, and that in a very imper- 
fect state of preservation. The Gilbertson Collection in the Natural 
History Museum contains a large number of the fossils described by 
Phillips in the ‘ Geol. Yorks.,’ and the other specimens, I am told, have 
been lost. There is one shell in this collection which agrees with 
the left-hand figure of pi. xvi. fig. 16, and which is distinguished 
in the tray as the M, angulata figured by Phillips. It is much worn, 
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but it is clearly identical with the shell since described by M‘Coy as 
M, Verneuiliana, Yar, Jcendale^isis, of which there are some speci- 
mens in the Museum from Kendal. Phillips thus describes the 
shell ; “ Whorls angular, the upper ones tricarinate.” I have 
examined a great many specimens of this shell, and it is never 
tricarinate. It has a broad, flattish band, about the centre of 
each whorl, which is solid on the body-whorl, but on some 
of the upper whorls it is frequently hollowed in the centre, which 
causes it to be formed of two small keels with a groove between them. 
This band represents the sinus, and is shown on the specimen in 
the Gilbertson Collection, where it is solid, and not grooved. 
In some specimens below this band there is occasionally a 
strong angle on the body-whorl, which either appears just above 
the suture on the up])cr whorls, or else is hidden by the whorl below; 
there is never any indication of a keel on the angle in any of the 
specimens I have examined, and in many, especially in older sped-- 
mens, the angle is scarcely visible, the base being rounded, and this 
is the case with the specimen in the (Mbertson Collection. 

With this shell is another, also from Holland, but which is clearlj^ 
distinct from it. It strongly resembles the right-hand specimen of 
j)l. xvi. fig. I (), but is evidently not the original from wliich the 
drawing was made, as it is larger and appears to increase more 
slowly ; but the exact spiral angle of tlie figure could hardly be 
accurately detijrmined, as ihe 8])ccimen is so imperfect. This shell, 
however, agrees bettor with Phillips's brief description, being 
angular, and the upper whorls, which alone are ])reBerved, are 
tricarinate. Since the shell represented hy the l(‘ft-lian(l figure is 
never tricarinate, and it has also hecn well (lescril)ed and figured by 
M‘Coy, in tlio ‘’Brit. Pal. Foss.’ 1855, j). 5)12, pi. 'A Ji. figs. 1 1 and 12, 
it w^ould, I think, be conveniont to take the other shell Avhich is 
tricarinato, and which has not- been elsewhere described, as the type of 
31. amfulata, I have examined all tlu; Carboniferous Gasteropoda in 
the Natural History Museum and iu the Oxford Museum, and have 
also made numerous inquiries, but have not been able to obtain any 
more information concerning tin’s species, neither do I know of any 
other tricarinate shell bearing a greater resemblance to Phillips’s 
figure. 

M any different shells have been referred by succeeding palaeonto- 
logists to this species, which are not identical with cither of the 
shells. J. E. Portlock * has erroneously identified a shell as 31. 
antfulata, but it difters from both of Phillips’s figures by its greater 
spiral angle, the form of the hand, and its ornamentation. A. 
Bedgwick and E. M‘Coy f mention a shell wliich seems to me dis- 
tinct, but it is so much irabodcled in the matrix that it is difiicult to 
make anything of it. The shell referred to as 31. angulata in the 
‘ Cat. of West. Scot. Eoss.’ p. oO, is of much smaller proportions, 
and is differently ornamented. A. d’Archiac and E. de Venieuil^ 

Geol. Rep. Londonderry, p. 418, pi. xxxi. fig. 5. 

t Brit. Pal. Rocks, p. oJU*. 

} Trans. Geol. Soc. 2nd ser. vol. \i. p. 35(>, pi. xxxii. figs. 6, 7. 
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and Goldfuss * have referred Devonian shells to this species. That 
of the former differs from both of Phillips’s figures; the more rapid 
increase of the whorls, and the absence of the keels below the band, 
distinguish it from the right-hand figure, while the whorls are more 
excavated than those of the left-hand figure. The shell described 
by Goldfuss, which I have examined in the Bonn Museum, in- 
creases more rapidly, the band is formed of two keels placed close 
together, and the whorls are more excavated. The Pleurotomana 
amjulata of E. d’Eichwald t is evidently different, from its having 
keels above as well as below the band, and it is also very much 
smaller. Of all the forms referred to tliis species, that described by 
L. G. de Koninck i most resembles it. He considers his shell iden- 
tical with the right-hand figure of Phillips ; but I have seen his typo 
in the Brussels Museum, and I do not think it is the same, as it 
increases more rapidly, the sutures are more obli(]ue, the sinal band 
is formed of two keels, and the keels below the band are more 
numerous. There is, however, a fragment of a shell on the same 
tablet, which strongly resembles the tricarinate shell in the (Jilbert- 
son Collection, and may possibly be identical with it. 

It would be a great advantage to have, as the ty])e of the species, 
a well-delined shell such as that in the Gilbertson Collection, as its 
marked chaj*actoristics readily distinguish it from any other of the 
genus. I therefore append a fuller description. Hhell elongated, 
turriculatcd, composed of numerous angular whorls. Only fragments 
are preserved, but a perfect specimen would probably consist of ten 
or more whorls. The sutures are deep, and the whorls increase 
gradually. Bather below the centre of each whorl there is a pro- 
minent keel, on each side of which is a narrow groove, limited by a 
fine line ; below this prominent keel there are two smaller k(',els, 
one of which is about halfway between it and the suture, and the 
other appears just above the suture. The juominent keel evidently 
represents the sinus in the outer li]); though the lines of growth are 
not preserved on it, they are on the surfjice of the whorl, and curve 
back to it above, and forwards below. Above the band, the surface 
of the whorl is slightly concave ; below it is almost vertical, sloping 
but little towards the suture. Mouth unknown. 

(PI. XXIV. fig. 1.) A fragment consisting of two entire whorls, 
and portions of two others from Bolland,i8 in the Gilbertson Collection 
in the Xatural History ^luseum. 

Length 33 millim., width of lower whorl 21 iiiillim., height 11 
millim. 

In the Burrows Collection in the Woodwardian Museum there 
are four specimens of this shell from Bottle, and tliere is also a largo 
cast from the same localit)’, which is probably this s])ecies. All the 
specimens are more or less imperfect and imbedded in the matrix. 
Part of the base of one specimen is preserved, and on it there are 
three or four additional keels. The specimen figured (PI. XXTV. 

* Petr. Germ. toI. iii. p. 25, pl. clxxii. fig. 5, «, b, c, 

t Lethaaa Bossica, vol. i. sect. ii. p. 1180. 

X Faune du Calc. Carb. de la Belgique, vol. viii. pt. 4, p. 18, pl, xxxiv. fig. 4. 
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fig, 2) is the upper part of a shell, of which five entire whorls are 
preserved, and a portion of another. 

Length 23 millim., height of lower whorl about millim. 

Formation, Carboniferous limestone. 

MuucnisoNiA KENDALEN8T8, M‘Coy. (PI. XXIY. figs. 3-6.) 

Rostenaria anr/vlatn, J, Phillij)s, 1830, ‘ Geol. Yorks.' vol. ii. p. 230, 
pi. xvi. fig. 10 (sinistra). 

Non Mnrchis‘onl(i Venteoiltaoa, L. G. de Xoninck, 1843, ‘ Precis 
element. d(^ (f(‘()logi(!, ])ar. J. .1. d'Onialiiis (rilalloy,’ p. 51(). 

Non Alnrvhisonitt VenteuiVtana^ L. G. do Koninck, 1843, ‘ Descr. 
des Anim. P'oss. du Terr. Carb. de la Pelgiqne,' p. 414, pi. xxxviii. 
fig- *'5. 

Alurclti^onia Verne} rili ana ^ var. kendalemis^ F. M‘Coy, 1855, 
‘ Brit. Pal. Kocks,’ p. 532, pi. 3 u. figs. 11 and 12. 

MurcMnoma Verncui liana, var. hendalensis, J. J. Bigsby, 1878, 
‘ Thes. Devonico-Carboniferus,’ p. 327. 

XoTi Ahirchisonia VerneuiUana, L. G. do Koninck, 1883, ‘ Faune 
du Calc. Carb. dc la Belgique,’ p. 25, pi. xxxiv. figs. 35, 36, 37. 

Shell elongated, conical, coinpowid of from eleven to seventeen 
gradually incro.asing whorls. A little below tlie middle of each 
whorl is a broad, flat band, wbich represents the sinus in the outer 
li]). It is solid, and bounded by two fiiu^ grooves on the lower 
whorls, but on the upi)er wdiorls it is fnapiently hollowed out in the 
centre, forming two kcu'ls, s(‘i)arat(‘d by a groove. Above tlu^ band 
the whorl is almost Hat, wdiile Ixdow it is sliglitly convex. The 
surface of the whorls is smooth, with tlie oxce])tion of the? lines of 
growth, which are strong and irregular ; they curve btick to the band 
above and forwards below; on the band they are st rongly arched 
(fig. 3 a). On some s])eciraens there is a strong angle on the body- 
whorl below the band, whicli is visible just, above the sutures on the 
upper whorls. On many B])eciniens, howTver, the base is rounded, 
and the angle is scarcely visible. There is a small umbilicus. The 
sutures are deep. The mouth is longer than wddc, but it is not well 
preserved in any of the speoimens I have seen. 

M‘Coy thought this shell might be a variety of 31, VerneuiUana, 
de Kon. ; but de Koninck doubts its being identical with his species, 
and, after the examination of his sjieciraeus at Brussels, I certainly 
thiidv the differences are sufficioitly marked for it to constitute a 
distinct species. It is a much more solid4ooking shell than M, 
VerneuiUana, de Kon., the s])iral angle is less, the wdiorls more 
numerous, and the form of the band is usually different ; it also 
possesses an umbilicus. 

Should it bo deemed advisable to take the tricarinate shell as the 
type of 31, amjidata, Phill., this shell must be called 31, Jcendalensis, 
M‘Coy. Otherwise, of course, the name hendalensis must be 
dropped, and this must be termed 31. angidata, Phill., while the 
tricarinate shell must have a new name. 

M‘Coy identifies this shell with the Devonian species 31, a'ngidata, 
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d’Arch. ifede Vein. (‘Geol. Trans/ 2nd ser. vol. ii. p. 356, pi. xxxii. 
fig. 6), which, is, I think, distinct, the whorls being much more exca- 
vated, and in the type the band is grooved on all the whorls, while 
on the variety a it is much narrower. 

There are about twenty-two specimens of this shell in the Wood- 
wardian Museum ; the largest is one figured by M‘Coy (pi. 3 h. fig. 11). 
Its length is 58 millim., width of penultimate whorl 27 millim,, 
height 12 millim. The shell is imbedded in the matrix ; it consists 
of seven whorls, and the a])ex is broken. The base is rounded, and 
the angle shows but slightly on the upper whorls, just above the 
sutures. 

A smaller specimen in thi.s Tuusoum has the angle well marked on 
all the whorls. Only live whorls of it are ])rescrvod. A ji(‘ar]y per- 
fect s])ecimen consists of eleven whorls, and would, ]>robably, have 
one or two morci if tlie apex were entire ; it is 45 millim. in length, 
but the surface is badly preserved. None of thcise specimens have 
the band much liollowed out in the centre on the upper whorls, it 
being more or less solid on all tlu^ whorls. 

The speeiraen (PI. XXIV. fig.5) in the Oilbtu-tson Collection, figured 
by Prof. Phillips (‘Geol. Yorks.’ vol. ii. ])1. xvi. fig. 16, sinistra) is 
merely a cast consisting of two whorls, but it shows thc^ strongly 
marked characteristics of this spccic^s. The band is broad and flat, 
and the slit in the outer lip is shown. 

There are four s])ecimens in ]*rof. Phil]ij)s’s collection in the 
Oxford MuseuTn, but none of them are W(dl pres(irvcd. One, which 
is much iiiibcdded in tlie matrix, consists of about seventeen whorls, 
and it has the strong angle below the band. 

Its length is about 36 millim. 

There are specimens of this shell in thcGeologicjil Soci(4y’s Museum, 
the Museum of Practical Geology, and the Kendal Museum; and thfu'ci 
are also one or two others in the Natural History Museum, Ixisides 
that figured by Philli])s. 

Localitij. All the above-mentioned fossils arc from Kcnidal, with 
the exception of the specimen figured by Phillips, which ivS from 
Bolland. 

Formation, Mountain Limestone. 

Mr. Morton, Liverpool, has specimens in his collection from 
Porth-y-Vaon, near Gswestry, Llangollen, and Mold. Ho divid(‘s 
the Carboniferous Limestone of that district into the following 
lithological divisions, in dciscmiding order : — U])per Black Lime- 
stone, Upper Grey Limestone, Upper White Limestone, Lower 
White Limestone, Lower Brown Limestone. Ho finds that M, 
Icendalensis,, M‘Coy, rang(,*s throughout the smies with the exception 
of the Upper Black Limestone. It occurs in the Lower Brown and 
Upper Grey at Llangollen, in the Upper White near Oswestry, and 
ill the Upper Grey near Mold. 

In the Wood Collection in the York Museum there is also a 
specimen from Oswestry (PL XXIV. fig. 4). It consists of about eight 
whorls, and the apex is broken. The band on the lower whorls is 
solid, but on the upper it is grooved and composed of two keels. 
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It exhibits a slight variation, there being two fine lines on the part 
of the whorl above the band. The angle is well developed on the 
lower part of the whorl. Umbilicus distinct. Mouth broken. 
Length 36 millim., width of body-whorl 19^ millim. 

Formcition, Mountain Limestone. 

Murchisonia VisRNEUiLiANA, de Kon. (PI. XXIV. figs. G-8.) 

Murchisonia Verneuiliana^ L. G. de Koninck, 1 843, ‘ Precis 
c4em. de Oeologie, par J. J. d’Omalius d’Halloy,’ p. 516. 

Murchisonia Verneuiliaua^^A. G. de Koninck, 1843, ‘Descr. des 
Anim. Eoss. du Terr. Garb, de la Belgique,’ p. 414, pi. xxxviii. 
fig. 5. 

Murchisonia Veraeidliauay II. G. Bronn, 1848, ‘Index Palycontol.’ 
p. 748. 

Non Murchiso7iia Vermuiliana, var. hendalensis, F. M‘Coy, 1855, 
‘Brit. Pal. Rocks and Foss.’ p. 532, pi. 3 ii. figs. 11 and 12. 

Murchisonia Verne uiliana, L. G. de Koninck, 1877, ‘ liecherches 
Bur les Foss. Pal. de la Nouvelle-Galles du Sud,’ p. 119, pi. xxiii. 
fig. 15. 

Murchisonia Venieuiliaua, J. J.Bigsby, 1878, ‘Thesaurus Bevonico- 
Carboniferus,’ p. 327. 

Murchisonia Verneuiliana^ Do Kon., 1883, ‘Faune du Calc. Garb, 
de la Belgi(pie,’ p. 25, pi. xxxiv. figs. 35, 36, 37. 

Shell conical, composed of from eight to ten angular whorls. A 
little b(dow the centre of each whorl there are two strong keels, 
between which lies the sinuul band ; the band is wide and sunk 
between the two keels. The lines of growth are distinct, curving 
back to the baud above and coming forward again below ; on the 
band they are arched, but not so strongly as in M, Iccndalensw, 
M‘(Joy. The surface of the w'horls is almost flat, being but slightly 
convex. The base of the last whorl is convex ; it has a slight 
angularity a little below the band, which is hidden by the suture 
on the upper whorls. Prof, de Koninck says that the last whorl 
has a tendency to become detached from the preceding whorls. 
The sutures are deep. The mouth is a little longer than 
wide. The columella is simple, and there is no umbilicus. 
The surface of the whorls is generally ornamented with fine spiral 
striae. The largest of the specimens in the Woodwardian Museum 
has those spiral lines well preserved. Another only shows two 
of the strongest lines above the band and two below ; the keels 
bounding the band of this specimen also appear to be slightly 
undulating, but this may arise from wear, as the surface of the shell 
is much worn. The specimen figured by de Koninck has only the 
spiral lines below the band. 

De Koninck says that this shell difiers from M, jdicata, Goldf., 
by the depth of its suture and also by the absence of the keel on 
the base. In the type of M, plicata^ Goldf., which I have examined 
in the Bonn Museum, there is a still greater difference, for the upper 
margin of the whorl is nodulose at the s.uture, the keel below the 
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band on the body- whorl is also nodulose, the surface of the shell is 
plicated, and the keels bounding the sinual band arc somewhat 
undulating, as in M, Humholdtui'tm, In 1843, de Koninck (‘ Descr. 
des Anim. Foss, du Terr. Garb, do la Belgique,’ p. 414) considered 
this shell identical with a Devonian one figured and described by 
A. d’Archiac and E. de Verneuil as Jf. angulata (‘ Trans. Geol. Soc.’ 
2nd ser. vol. ii. p. 356, pi. xxxii. fig. 6) ; but in 1883, * Faune 
du Calc. Garb, do la Belgique,’ p. 25, he says he considers them 
to be distinct species. 

This shell bears a strong resemblance to the Devonian PJeuroto- 
maria amjuJata of Sandberger (‘Die Versteinerungen des Kheinis- 
chen 8chichtensystems in I^assau,’ p. 204, pi. xxiv. fig. 10). 

I am not aware of its having been described as British before. 

There are four specimens of this s]>ecies in the Wood\Yardian 
Museum. The length of one (PI. XXIV. fig. 6), consisting of eight 
whorls, is 21 inillim., width of body-whorl 13 inillim., height of 
body-whorl 9 inillim. A portion of a larger shell (PI. XXIV. fig. 7), 
consisting of three whorls, has a length of 21 inillim. ; the width 
of the body-whorl is 14 inillim. : height of body- whorl 15 millim. 
The other two sjiecimeiis are much smaller. 

Localitij. Settle. 

Fonnaiion, Mountain Limestone. 

In the Museum of Practical Geology there are three very small 
specimens, which are of about the same size as the smallest I saw 
in the Bi’ussds Museum. The length of that figured on PI. XXIV. 
fig. 8 is 7 millim., width of body-whorl nearly 4 millim. It is on 
the same piece of rock as Flearotomaria GriJ/Uhii, do Xon. 

Localitij, Ab(;rgele. 

Fonnaiion, Mountain Limestone. 

The other two specimens in this Museum arc from the Mountain 
Limestone of Narrowdalo and the Great Orrnes Head. 

Muhcuisonia PYiiAMiDATA, sp. nov. (PI. XXIV. fig. 9.) 

Shell elongated, whorls angular, gradually increasing. Only four 
whorls and a portion of a fifth are preserved ; tliere would probably 
be ten or twelve if the shell were entire. There is a prominent 
rounded keel situated about two thirds down each whorl, which 
evidently represents the sinual band, though no lines of growth are 
preserved on it. These lines curve backwards to it above and slightly 
forward again below ; they are fine and faint. The surface of the 
whorls both above and below the band is slightly concave, and the 
base is convex. The form of the mouth and columella is unknown, 
as the base is broken. The lower jiart of the whorl is covered with 
fine spiral threads, thus disposed : — immediately below the band is a 
deep groove, then a strong thread, three or four finer ones, another 
strong thread which is about midway between the band and the 
suture, below this there are two or three fine ones on the upper 
whorls, but they are more numerous on the base, which is covered 
with them. These spiral lines are slightly beaded ; they are 
probably rendered so by the crossing of the lines of growth. Above 
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the band there is a spiral thread about two thirds below the suture 
and immediately below the suture there is another fine thread on 
the body-whorl, but it is not preserved on the other whorls. 

There is only one specimen of this shell in the Gilbertson 
Collection in the Natural History Museum (no, G. 234). The 
length of the four and a half whorls is 20 millim., width 12 millim. 

The shell has a slight resemblance to ilT. Archiactam, de Kon., but 
the whorls are not so convex, the band is narrower and more 
promineTit, and the spiral lines below the band are beaded and 
more numerous. Perhaps the general form most nearly approaches 
that of Jf. sinrata, Goldf., the type of which I have seen at Bonn; 
but the band of this species is formed of two keels, separated by a 
small groove, and there are only two spiral lines below it, instead of 
the numerous lines of M, pi/ramidafa. 

Localitjf, Bolland. 

Formation, Carboniferous Limestone. 


Mfechisomia zoNATAf sp. uov, (Woodcuts, Ggs, 1, 2,) 

Shell conical ; whorls convex, separated hy deep sutures. There 
are only two s])eciiiwns of this shell, and neither of them is entire, 
but three whorls being preserved of each, and one specimen is a 


Fig. 1. — Miurhisonia zonata. Fig, 2. — Cast of Mnrc7nso7iicf 
Donald, Nat. size. zonatn, Donald. 




From iJio Mtuintain Limesfuno of Xarrowclale. 


mere cast. The sinual baud is situated about the middle of each 
whorl ; it is broad and fiat, and is not raised above the surface of 
the whorl ; it is bounded by two grooves. Below the sinual band 
there are two narrower and slightly convex bands, separated by 
grooves, and on the body-whorl there are two or three additional 
bands and grooves. On the upper part of the whorl there are two 
very shallow grooves, one of which is about midway between the 
suture and the sinual band, and the other is just below the suture. 
The lines of growth are only preserved on the upper part of the 
body-whoii, where they are distinct and curve backwards to the 
sinual band. The mouth is imbedded in the matrix. 
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Length of the more perfect specimen 8 millim., width millim. 
Length of the cast 10 millim. These two shells are in the Carr 
Collection in the Museum of Practical Geology. 

This species bears some resemblance to M, SedgwicTciana^ de Kon., 
but it is more elongated, the bands and grooves are not so evenly 
disposed, and it is also much smaller. Prom M, suhsulcata^ de 
Kon., it is distinguished by the greater number of grooves possessed 
by that species. The American form, if. terehrlfonnis^ Hall, 
most nearly approaches it ; but it is ornamented with elevated spiral 
striae below the band instead of with flat bands. 

Locality, Narrowdale. 

Forynation, Mountain Limestone. 

Mitrchisonia sriiJSEirLATA, sp. nov. (PI. XXIY. flg. 10.) 

Shell elongated, conical, composed of numerous convex whorls. 
The whorls are rendered slightly angular in the middle by the sinual 
band. The band is broad and flat, and bounded by two narrow 
grooves ; there is a wider and shallower grooves in the eentre of it. 
Jlclow the band there are flve or six spiral lines ; tlu^y are some- 
what indistinct, and are slightly reticulat(‘d with the lines of 
growth. The liiu^s of growth are strong, and curve; backwards to 
the band above;, and forwards bdow ; they arc; arched on the 
band. The upper part of the whorl is sniootli. The mouth is 
longer than wide. 

There is but one specimen of this species in the Museum of 
Practical Geology, and it has only four whorls ])r('served. 

Length 17 luilliiu., width of body-whorl 8 millim., width of 
penultimate whorl 7 millim. 

This shell is moi*e elongated than M, zoiutta, and it is orna- 
mtJiited with tine spiral lines instead of with flat bands. It is 
larger than M. ttrehriformis,^ Hall, the whorls increase more slowly, 
and the lines below the band ar(; very fine and more numerous, 
instead of being raised spiral threads. 

Locality, James’s Cleugh, King AYatcr, Cumberland. 

Formation, Lower Carboniferous. 

MuilCniSONlA TKNUISSTMA, sp. IIOV. (PI. XXIV. flg. 11.) 

Shell very elongated, turiiculated. A perfect specimen would 
possess from ten to twelve whorls. Whorls angular, and each 
ornamented with six spiral keels. ^Jhrec of th(;se keels are placed 
rather close togeth(;r about the middle of the, whorl and form the 
sinual band; the central keel is a little finer than the others. 
Above the band a fine keel lies just below the suture, and below 
the band there are two keels, the lowest of which aj)i>ears just 
above the suture on the upper whorls. On the body-whorl there is 
also a very fine thread between the band and the uppermost keel. 
The lines of growth are strong and very distinct ; they curve back to 
the band above, and forward below ; they are arched on the band. 
The specimen is imbedded in the matrix, and the body-whorl is 
broken away from the rest of the shell. 
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There is only one specimen in the Museum of Practical Geology . 
its length is 10 millim. 

The only shell which this resembles is TurritdU^ Mdcifera, Portl., 
from which it differs by the form of the band, which is formed of 
only two keels in T. mldfera, and the space above the band is 
greater and slopes more gradually than in that species. 

Locality, Wark, Northumberland. 

Formation, In beds on about the same horizon as the top of the 
Mountain Limestone and the base of the Yoredales, 

Tueritella? stjlcifera, Portl. (PI. XXIV. fig. 12.) 

Turritella^ sulcifera, J. E. Portlock, 1843, ‘Geol. Hep. London- 
derry/ p. 420, pi. xxxi. fig. 11. 

A minute shell in the Museum of Practical Geology is considered, 
but not without doubt, to be the specimen figured and described by 
Gen. Portlock. He describes it as a “minute shell, having ten 
whorls in less than one third of an inch ; it is narrow and 
elongated, and has its whorls marked by spiral sulci, bounded by 
strong sjural ridges, of which there are four on each whorl.’^ His 
figure is too imperfect to be of any assistance in the way of 
identification ; but the specimen in the Museum agrees with the 
description, with the exception that there is a fifth keel on the 
lower whorls, where it ap])ear8 just above the suture, and on the 
uppermost whorls it is hidden below the suture. The apex is 
broken, hut this may have been done since Gen, Fortlock^s 
description was written. Thus only seven whorls remain. Of the 
five keels with which the whorls are ornamented the central and 
that next above are the strongest, the uppermost is the slightest, 
and the space below the uppermost keel is the widest. This shell 
bears a strong resemblance in its characteristics to species of the 
genus Murchisonia, but as neither the mouth nor the lines of 
growth are preserved, it cannot with certainty be referred to this 
genus. 8hould it be a Murchisonia, the sinus probably lies between 
the strongest keels. I have seen no shell resembling this species in 
the Irish collections in Dublin ; and this is the only specimen I 
know of that comes near to Gen. Portlock^s description. Length of 
the seven whorls 5 millim., width of the penultimate whorl 
under 2 millim. 

Locality, Cullion, co. Derry. 

Formation, Shales in the Lower Limestone. This is probably 
about the same horizon as the lower part of the Mountain 
Limestone. 

Note. — In concluding this paper I must acknowledge how greatly 
I am indebted to Prof. Hughes, Prof. Prestwich, Mr. Etheridge, 
Mr. E. T. Newton, Prof. Schliiter, Dr. Purves, and others, for afford- 
ing me every facility in studying the collections in the different 
museums with which they are connected. The Bev. G. Crewdson 
has also kindly lent me specimens from the Kendal Museum. 

I am also under groat obligations to Mr. Goodchild for revising 
these notes and assisting me in many ways. 
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EXPLANATION OP PLATE XXIV. 

Figs. 1,1a. Murchisoiiia angulata^ Phill.? Bolland. Nat. size, la, band 
enlarged. 

2. . Settle. x2. 

3.3 a. JcendalennSyliltGoj. Kendal. Nat. size. 3 a, band enlarged. 

4.4 a. . Oswestry. Nat. size. 4 a, fourth whorl, x3. 

5. . Bolland. Nat. size. 

3, 7. Vermuiliana^ de Kon. Settle. X2. 

8. . Abergele. x3. 

9. pyramidata, i\. Bolland. x2. 

10. i^phtBrulafa, sp. n. James’s Cleiigh, King Water, Cumberland. 

X3. 

11. icmiimma, w. W%rk. x6. 

12. Turritella ? mlcifera^ Port!. ? Oullion. X 10. 


Discussion. 

The President remarked that while there was little in such a 
paper as that "before the ^Meeting which could have interested the 
Fellows had it been read in full, the paper was nevertheless of 
great value as containing many most useful obsen^ations upon a 
very important group of Palmozoic fossils. 

Mr. GooDcniLD stated that Miss Donald had not only studied most 
carefully the fossils of the northern district in which she resides, but 
she had also pursued her researches during visits to many museums 
in this country and also on the continent of Europe. 



43. Notes m same Polteoa jfivm the Liam. 

By Edwin A. Walpobd, Esq., F.G.S. (Read June 23, 1887.) 

[PULTH XXV,] 

The Polyzoa of the Lias at pr^ent known seem to be restricted to 
the genera 8 tomato 2 )ora, Probosciiia^ Spiropora^ Neuropora, Licheno- 
p>ora, Semimulticlausa^ Diastopom {Beremeea being by later syste- 
matists classed with the IMastoporw)^ and the genus it is now 
proposed to add, viz. Tubalipora. • 

Historv. 

In ‘ Morris- s Catalogue of British Fossils/ piildished in 1854, there 
is no record of Polyzoa from the Lias ; but the steadily accumulating 
records of paloeontologicul work enabled Mr. It. Etheridge, F.lt.S,, 
in 1882, in his Presidential Address to the Geological Society * to 
tabulate three genera and six 8j)ecies. Yiiief in the British 
Association Ite])ort for the same year reviews hut three genera and 
four species, French and German authors hare, however, increased 
the number. Although Deslongchamps having turned over his 
BeMTopora to the Spoil gidm, mentions but two genera, representing as 
many species, Haiino § can add but one species more, saying, at the 
end of his admirable monograph, ‘^on no connait encore aucun 
bryozoairo dans lo lias inoyen iii dans le lias superieur/^ Terquem 
and rietto // in 1 805 recognize, in addition to some foi-ms previously 
described by Fromcntel ^[, three genera new to the Lower Lias, and 
add also six new species: a few years later JJuinoriier ** catalogues 
in his list of fossils from the several divisions of tljo Lias of the 
Bhone basin seven species, of which four are new. Their occurrence 
in the Lias of Germany a})])oars t;o be very rare, for Quenstedt and 
Oppcl mention but one species. 

The rarity of Ihdyzoa in the Lias of England has been pointed out 
by Prof. Tatott w^hen describing a new species of Splrvpora from 
the Upi>cr Lias (Leptama-heds) of May, Normandy. To that species 
{Spiropora Urns lea) lie refers otluT Polyzoa from the Middle Lias 
of King’s Sutton, Northamptonshire, in Mr. Bceslcy s collection. 

♦ “ On tho Analysis & Distrib. of Ih-it. .Tiirass. Foas.,” by R. Etheridge, 
F.R.S., &/C., Quart. Journ. Oeol. JSoc. vol. xxxviii. Proc. p. 152 (hSH2). 

t Third Report on Foas. I'oly/.oa (Jurasa. sp., lirit. area onl}’^) by Dr. H. C. 
Sorby, F.R.S., and G. R. Vine, Rrit. Assoc. 1882. 

t * Etudes Jurass. Inf. do la Normandie,’ par M. E. Eudes-Deslongchampe, 
Paris and Caen, 18(54. 

§ “ Doscr. des Bryozoaires Foss, par Jules Haime,” Mem. Soc. O6ol. de 
France, 2® serie, t. v. (1854). 

II Tenniem & Pietto, “ Lias inf. de I’est de la France,” Mem. Soc. Geol. de 
France, 2* s^rie, t. viii. p. 124. 

^ Fromentel, E., “Pal. de la Cote-d’Or,” Mem. Soc. Geol. de France, 2® s^rie, t. 
vii. p. 91. 

** Dumortier, E.,“ Etudes Pal. sur lee D^p. Jurass. du Bassin du B.h5ne,” 
Paris, 18(54-1874. 

tt Tate, R., “On some New Liassic Fossils,” Geol. Mag. dec. 2, vol. ii. p. 205. 
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Amongst some specimens from the latter locality in my own cabinet 
are numerous examples which both Mr. Vine and myself consider 
to be distinct from Tate^s type ; and to the consideration of them and 
associated forms these notes are directed. 

Inasmuch as, with the Cyclostomatous Polyzoa, the simple cell- 
structure makes it necessary for the student to adopt in great degree 
zoarial growth as a means of classification, there occasionally occur 
forms, as in the species under notice, which find no secure resting- 
place under any family roof. In other examples, from the Inferior 
Oolite, this difiiculty is equally apparent. 

Tubulipoka inconstans, sp. nov. (PI. XXY. figs. 1-9 & 12.) 

llarely docs a form present more varying and erratic modes of 
growth than the species before us. Whilst some colonies have a 
foliaceous habit (fig. 1), others are cylindrical (fig. 5), after the 
fashion of Diastopora Lamourouxi^ M.-Ed^v., though the predomi- 
nant form of growth is erect, ramose, and cylindrical (figs. 4 and 7). 
Ill some instances from the flattened lobes spring branches cylindri- 
cal or but slightly flattened (fig. 8), and occasionally the colony is 
adnate. 

The zooocia are long, with proximal extremities free for as much 
as or J of their Avhole length (fig. 7), or else have but a slight 
degree of projection from the stem. The peristomes are circular 
(fig. 2), opening irregularly over the zoariiim, and are about two 
thirds of the diameter of the zooocia. Ih’ight and distinct purple 
lines separate the cells in marked contrast to the fawn-colour of the 
cells themselves. Covering the whole surface are tubular papillse 
or minute projecting tubes (surfaco-jiores), arranged occasionally 
in transverse or subspiral lines. The pores seem i^oinmunicate 
with the interior of the cell and are apparently connected with 
each other by delicate tubes (fig. 3), which traverse the outer wall 
mainly in the direction of the length of the cell. These surface- 
pores, common to many families of the Polyzoa, are almost iden- 
tical with the markings upon some Italian ProhoscincB. 

The zooecia of both foliac€^ous and cylindrical forms boar just 
within the perivstomc solid circular closures (fig. 2). Though there 
appear to be no absolutely terminal closed cells, yet, immediately 
below the extremity of the newest branch, cells are often provided 
with the closures — a point rather against the theory of their 
development being only on old and worn-out cells. The position of 
this calcareous cover below tlie orifice tells also somewhat against 
its being considered a movable operculum. In its centre is a 
funnel-shaped perforation measuring about one third of the width 
of the whole, and there are also a few scattered minor perforations. 
Frequently a slight constriction of the zooecial tube may be noted 
below the position of the closure. 

Prof. Busk * figures species of Pmtulopora and Patinella with the 
zocecial tubes closed with calcareous lids, which are placed quite 

♦ ‘ The Polyzoa of the Crag/ by G. Busk, pi. xviii. fig. 2, pi. xix. fig. i, Mem. 
Pal. Soc. 

Q.J.G.S. No. 172. 2x 
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close to, though within, the orifice. In an able critique by Mr. F. 
D. Longe examples of Jurassic DiastojporcB are shown with the 
closures in a terminal position, and hence the author infers that 
there is no substantial difference between them and the opercula of 
the Chilostomata, 

Prof. D. Brauns f boldly advocates the establishment of an 
oporculate division in the order Cyclostomata, and places under that 
head the genus Elea, with Elea foliacea as his type. 

Mr. Waters t, working upon Kecent and Tertiary material, points 
out that “ The most usual position for the calcareous plate which 
closes the tube would seem to be about the point where the zooccial 
hibe rises free from the zoarium.” In the genera Ilornera, Entalo- 
phora, and Betmilipora, figured by him, the closures are shown to 
he so far within the tube as to almost negative the question of their 
identity with movable opercula. A section of JSeiiropora damicornis 
(Lamx.) in my collection show's each zomcial tube with numerous 
closures or septa, none of which, how'cver, are near the mouth. 

The zooecial surface is not only transversely wrinkled, but also 
shows some traces of what may possibly be spines. This feature is, 
how'cver, very obscure, for the surface of w'cll-prcserved specimens 
is often covered with a close and exceedingly delicate calcareous 
network (fig. 6), partly hiding even tlu) dark lines of the zooecial 
walls. A similar network of fine threads occurs upon small shells 
found in the same beds. 

The oa'cia are rare and consist of irregular inflations of one or 
two cells (fig. 4). In one instance the ocociiim, apparently an 
enlarged simple coll, is provided w'ith a smaller opening in addition 
to the ordinarily large mouth. Other forms of oa;cia arc external 
semiglobose chambers enveloping the free i)aj ts of one or two cells 
(fig. 9). The study of this species brings home the fact, so 
frequently acknowledged by specialists, of the unsatisfactory nature 
of the classification of the Cyclostomatous Polyzoa ; and one cannot 
put aside the thought that had a few fragments only of it been 
found, one portion might have done duty as a foliaccous Diastopora^ 
another as an Entalophora, whilst a third would possibly have been 
referred to Tubulipora, Notwithstanding some superficial resem- 
blance to Diastopora cervkomis and I). Lamouronxi, M.-Edw., the 
exceptional length of the zooecia and their partial freedom sufficiently 
remove the King’s-Sutton species from the Diastojwrce, irrespective 
of its TtthuUpora-\i\ie habit of grow'th. To the Sjrirojwrce the 
foliaceous and adherent forms present an insuperable barrier 
(though it must not be overlooked that Cricopom ahbrevlata, Mich., 
IS figured with a flattened base from which the branches spring). 
The cell-closures do not, as yet, seem to have been discovered either 

* LoDge, F. D., “ On the Eelation of the Escharoid Forms of Oolitic 
Polyzoa,’^ &c., G«ol. Mag. dec. ii. toI, viii. p. 23. 

t “ I)ie Bryozoeii des mittleren Jura der Gegend von Metz,” von D. Brauns, in 
Halle. Zeitschr. d. deutschen geolos. GesellBchaft, Jahrg. 1879. 

f Waters, A. W., “ Closure of the Cyclostomatous Bryozoa,” Linn. SOc. 
Joum. vol. xvii. p. 400. 
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in the Spiroporce * or the TuhuUporce ; yet, notwithstanding this, 
I think the species finds best, though insecure, place with the latter 
group. It has the long and partly free zoojcia of Tuhulipora., and 
an inconstant habit of growth common to the genus. As a 
provisional name therefore seems to be necessary, I would suggest 
that of Tuhulipora inconstant. The transverse line or septum 
formed by the two layers of cells when back to back, as in the 
foliaceous forms (fig. 12), has somewhat of a Diastoporoid look. 

Through the courtesy of Mr. Newton 1 have been enabled to 
examine the type sijecimcns of Tate’s JSpiro 2 ^ora Uassica at the 
Jermyn- Street Museum, and it appears to mo that the Spiropom-- 
like branches of Tuhulipora inconslans are not only provided with a 
smaller number of zooncia to form an average-sized zoariiim, but the 
zooecia are also much longer and somewhat broader. Their dispo- 
sition is irregular, whereas >S^. Uassica has a regular arrangement of 
the peristomes in each annulation and, moreover, the ordinary 
erect colonial growth of the Spiroporas. 

Horizon and Locality. From the Marlstonc llock-bod, zone of 
Ammonites spinatus^ of the Middle lias. King’s Sutt on, Northampton- 
shire, also from the Transition bed Indween the Middle and Upper 
Lias at Appletreo, near Jlanbury, and at Ludby, near Daventry. 


Associated with the species above described are two others in which, 
though the colonial and zoaMual forms are essentially difleront from 
it, the structural details arc so closely mimicked as to nuiko their 
reference to other genera a matter of doubt. 1 have therefore 
described and figured them, but have loft the nomenclature until 
further evidence shall show their precise relationship. 

Zoarium erect, uniserial, commencing as a straight or slightly 
undulating and often flattened simjde tube, then dilating and 
throwing off a branch right and left, without, however, any cell- 
opening at the node, though a faint line of fusion is visible in the 
primary stem. The secondary branches or zooccia dilate also at 
each succeeding node where the single cell opens and a fresh zooBcium 
begins. The branches diverge at an angle of from 45'^' to 50°, and 
the cell opens at a little distance above the point whence the new 
one has sxnung. Peristomes circular, in diameter of the normal 
width of the zooccium. The surface pores and subsidiary tubes arc of 
the same character as in Tuhulipora inconstans. (PL XXV. fig. 11.) 

Though out of the few examples collected some are erect, others, 
on the contrary, show some portion of the zooecium to be flattened 
as if the colony was partially adherent, and between this and the 
next group there seem to be connecting links. 

Horizon a'trd Locality. From the Middle Lias, zone of Am^ 
monites spinatus^ King’s Sutton. 

Similar forms occur in the Inferior Oolite of Dorsetshire. 

Mr. Waters (Quart. Journ. Geol. Soc. vol. xliii. p. 340, 1887) d<»8cribes 
and figures EntaUyphora wanganuiensis with closures, and I have now Inferior 
Oolite species similarly provided. 

2x2 



636 


ON SOME POLTZOA FROM THE LIAS. 


Stomatopora^ sp. (PI. XXV. fig. 10.) 

Zoarium adnate, dilated at point of attaclimeiit, flattened or very 
convex. Zocecia uniserial, large and frequently of extraordinary 
length (2 mi Him.), the free ])art then comprising two thirds of the 
length of a single zoceciuiri and springing from the point of adherence 
at an angle of 45' , or, in some cases, almost vertically. The unat- 
tached portion of the cell is also sinuous and coarsely wrinkled, and 
though the surface-] )ores are throughout of the same ty])e as in the 
species already described, they ai‘e apparently fewer in number than 
uj)on the adherent ])art. 

This form, so like a Stomatopora, is distinguished from any de- 
scribed Bi)ocios of that genus by the greater length of the free parts 
of the zocecia, and also by their size and the distance from peristome 
to peristomes. 

Horizon and Locality, From the Middle Lias, zone of Am- 
monites spinaiits, King’s Sutton. 

AnnENDUM [September 16, 1887]. 

The qujirry from whicli these Pol 5 ^zoa have been collected is 
noted as having yielded many beautiful specimens of both Mollusca 
and (lorals, and amongst the rarer forms mention may be made of 
Spirlfcrina ojcygona^ E. Desk, Peefen te,viorius^ Schl., Mytihis avio- 
thensis^ Thiv., Pevna IngdnnenKls^ Dumort., llcnrotomaria mirahtlis^ 
E. Desk, Thamnastraa EthcridtjU ^ Tomes, and Astrocoima, sp. 
The Foraminifera are well r(5])rosentod, the examples of Dentalina^ 
Nodosarla, Maryinidhui, Vaginnlina^ and OnsteVaria- being excep- 
tionally large, whilst species of Frondicularia, (rlandnUna, and other 
genera occur also. An interesting addition to our fossil fauna is 
made by the discovery of small forms of Calcispoiigiic, which I have 
submitted to so eminent a specialist as Dr. llinde. He writes not 
only that their condition is simjdy marvellous, but that they belong 
probably to the existing group of the Leuconida>, exam])lcs of which 
do not seem to have been found previously in a fossil condition. He 
reserves their description for his forthcoming monograph. 

EXPLANATION OF PLATE XXV. 

Fig. 1. Tuhulipirra inco/isfan.% sp. ii., foliaeeous form. xl2. 

2. The same, zooccium with closure. X40. 

l\. The same, worn zoopcia showing surface-pores and subsidiary tubes. 

X45. 

4. The same, erect, SpirofJora-\iko form, showing ooecia. x20. 

6. The same, cylindrical form, x 25. 

6. The same, showing fine threads upon the surface of the cells. X 25. 

7. The same, erect form, showing free proximal ends of zocecia. X 13. 

8. The same, flattened form of irregular growth, throwing off cylindrical 

branches, x 14. 

9. The same, showing ocpcia. X30. 

10. Stomafopora, sp. X25. 

11. ^ecies not determinable. X25. 

12. Tuhulipora imo7isfam, end of flattened lobe. X 30. 

* I hav e since found the same species in the Inferior Oolite of Dorset. Its 
well-marked distinction from other forms will induce me to name it Stomato- 
pora elongata. 
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44. On the Superficial Geology of the Southern Portion of the 
Wealden Area. By J. Vincent Elsuen, Esq., B.Sc. Loud., 
F.C.S. (Bead June 23, 1887.) 

[Communicated by the President.] 

Introductory. 

More than thirty years have elapsed since Sir lloderick Murchison 
published his well-known paper “ On the Distribution of the Flint 
Drift of the S.E. of England on the Flanks of the Weald and over 
the Surface of the North and South Downs The observations 
eontained in that paper are stated by the author to be far from com- 
plete, and offered cliiefly tn elicit further inquiry and discussion. 
Since that time the 6-inch Ordnance maps of tliis area have been 
completed, and the superficial deposits of a considerable portion of 
the district mapped by the Geological Survey. No detailed descrij)- 
tion, however, of the nature and extent of the various drift-gravels 
of the southern portion of the Wealden area has been published 
since the completion of the accurately contoured maps of the 
Ordnance Survey. Apart from the importance attaching to any 
new investigations relating to the question of Wealden denudation, 
the superficial deposits of the area under consideration are of 
interest on account of their extremely scanty occurrence, many of 
the drift-beds to bo hereafter described consisting of nothing more 
than a thin coating of flinty loam, or of the mere fragmentary 
remains of old beds of gravel. But in all cases tlie limits of these 
beds are sharply defined, and their relation to the present contours 
easily established. The following observations are offered as the 
result of a somewhat detailed examiiiai ioii of a considerable part of 
this area during the year 1 880, but the investigation has of neces- 
sity been limited to the district lying between the central dome and 
the chalk escarpment of the South Downs. 

It will be convenient in the treatment of the subject to consider 
each river-basin separately. 

The Arun Basin , — In the higher parts of tho Arun valley it has 
already been shown that the bills are capped by patches of angular 
chert, containing no flint, and representing probably the remains of 
the Lower Greensand escarpment when it reached further south 
than now t. Around Chiddirigfold, Fisherlane, and Dunsfold 
Green there occur frequently thin patches of loam with Greensand 
pebbles, sometimes cemented into a conglomerate. This deposit 
occurs indifferently on the hills and in the valleys. On apx)roaching 
Slinfold wo find a good deal of true river-gravel on the Weald Clay, 
containimj flints^ pebbles of Wealden sandstone, and Lower Green- 
sand ironstone and chert. On the central nucleus of Hastings beds 
itself flints occur at Amy’s Mill, near Horsham, where Mr. Drew 
obtained a single fragment of flint from the gravel J. I examined 

* Quart. Journ. Geol. Soc. vol. vii. p. 349. 
t Topley, ‘ Geology of the Weald/ p. 200. 


X Ibid, 
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this section with some care, in company with Mr. P. R. Head. 
About 8 feet of stratified gravel, consisting of waterworn Wealden 
fragments, with intercalated beds of sand, occur in some pits near 
Amy’s Mill Bridge, at no great distance from the river, and only 20 
or 30 feet above its level. After a careful search as many as seven 
angular fragments of flint were found, so thin and sharp at the 
edges as to render it improbable that they had ever been transported 
very far by ordinary river-action. A few of these angular flints 
may be found lying on the surface of the ground in the fields to the 
south of Amy’s Mill Farm. This occurrence of flints on the flanks 
of the central dome is extremely rare.*. Murchison, in fact, states 
that flints do not occur in this portion of the Arun valley. 

During the remainder of its course through the Weald-Clay 
country there are few deposits of any remarkable extent beyond 
loams, sometimes containing concretionary ironstone, which is often 
ploughed up, and was originally smelted. Between Budgwick and 
the Lower Greensand escarpment these loams occur on both sides of 
the river, greatly improving the agricultural value of the land. In 
these loams angular fragments of chert arc found in great abund- 
ance, together with some chalk flints. 

To the south of the Lower Greensand escarpment, however, there 
are extensive deposits of angular gravel, resting chi(‘fly upon the 
Lower Greensand, but occasionally also upon the Gault and Upper 
GToensand formations. Tln^sc*- beds appear to consist of t wo distinct 
kinds. In the first place, there is a true river-gravel, which occurs 
in patches along the course of the Jiotln^r between Pulborough and 
Cowdry Park ; but this lower river-gravel is sometimes difficult to 
separate from other extensive ]>atches occurring at much greater 
heights above t he present/ level of the river. 

Sections of the lower gravel are to be seen in several places in the 
railway-cutting between Coates and Pulborough. At Fittleworth 
from 5 to 10 feet of gravelly loam is seen, containing whole and 
broken flints, both angular and subangnlar, tog(*ther with ironstone 
and chert, and occasionally a rolled pebble of flint. The junction of 
the Lower Greensand is often marked by the presence of large 
masses of ironstone ; but strat ifleation is only very slightly indicated. 
In some places the gravel has int ercalated beds, 4 or 5 feet thick, of 
sandy loam, with only a few flints. From the abundance of flints 
on the surface this bed of gravel appears to extend over the whole 
area between Coates Common and Coldwaltham to above the 100 feet 
contour. At Hardham a pit shows about 6 feet of sandy gravel, 
with very marked stratification, the beds being sometimes violently 
contorted, and the same gravel is seen again at Hardham Tunnel. 
All these gravels agree in conf aining stones of very different sizes, 
from large unbroken flints to very small, sharp, shattered frag- 
ments, and chert and ironstone are very abundant. On the north 
bank of the Bother this gravel is again seen at Lower Fittleworth, 
where I procured a fragment of bone. On the very summit of 
Fittleworth Common, above the 100 feet contour, there are several 
pits showing good sections of gravel with a rude and contorted 
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stratification, and often penetrating the Lower Greensand in huge 
pockets. The diagram (fig. 1) shows an upper and lower bed of 


Fig. 1 . — Section on Fiitleivorth Common, 



B 


D. Angular gravel. 15. Angular gravel. 

C. Loam. A. Mounds of rubbish. 

angular gravel, separated by an irregular b(^d of sandy loam con- 
taining no flints. This gravel continues past ]j(‘e Farm to the river 
Arun, at Stophain ; but on the left bank of the river not. a flint is to 
be seen in the section at Stoifliam Bridge, where a distinctly bedded 
river-gravel occurs, containing only Lower Greensand and Wealden 
detritus. Thus, while the llother has brought down an ab\indance 
of angular flints, the Arun, emerging from t.he Lower Greensand 
defile, has accumulated oiily such detritus as is furnished by the 
Lower Cretaceous and Wealden strata (sec fig. 2). 


Fig. 2 . — Section at Stopham Bridge, 



D. Angular fragments. 

C. Loam, wilh no stones. 

B. Pebbles (waterworn). 

A. Pebble.s, with large massc's of ironstone. 

Following the main stream down towards the chalk gorge at 
Houghton, a good coating of gravel is found on the isolated hill at 
Timberley, at a height of 57 feet above sea-level. In the railway- 
cutting here 5 feet of angular and subangular flint gravel is seen, 


Fig. 3 . — Section across the Valleys of the Rother, Arun^ and Stor, 
(Horizontal scale, Vertical scale, 

Fittlt'worth. Rother. Hardham. Anm. Wiggonholt. Stor. Hurston. 
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’witli occasionally a very marked stratification. 
A similar gravel cap[)iiig is found on the isolated 
nO feet contour tu the west, of Amberley, and 
again at Houghton, whihi, within tin* gorge, the 
gravels of North and 8outh Stoke, and the 
niaininaliforous graved nt. I'epjxTijig, 80 feet 
above tlie prew^ut level of tin; Aniu, have; already 
be(‘ii snfHcieiitly noticed*. 

At Gri*atham, on (he hd’t. hank of the Arun, 
the gravels differ chietly from those just di*scrihed 
in containing V(;ry ranch less chert. Chert, in 
fact, as a promirnuit constituent of the gravel, 
is confined to the riylit hanh of the r/eer, which is 
in striking harmony with the difference in com- 
position and texture of the Greensand beds lying 
to the w'est of the riv(‘r, wdiere a brittle and 
cherty stone succeeds to the coin])act argillaceous 
stone of Pulborought. 

Gravel extends all along the left bank of the 
Arun from Greatham through Hackham to AVig- 
gonholt and AVickflold llridgo, where two small 
tributary streams, the (/hilt Jind the Stor, join 
the main river. Near Wiggonholt Common, on 
the very edge of t/he alluvium of the Arun, some 
])its show the following section ; — 2 feet of white 
sand, wilh few or no Hints, nesting on a Jiarrow 
band, 6 inches in width, of dark sand. Below 
this are 4 f(;et of sandy graved, with small an- 
gular flints and large luni])s of ironstone. On 
the summit of Wiggonholt Common, at a height 
of 132 feet above the river, the surface-deposit 
consists of a thin coating of angular flints, with 
a little ironstone, but no chert fragments. Traces 
of rude stratification are setni in this gravel in 
some of the sections, and the level is nearly 
the same as the highest gravel of Fi tide worth 
Common, on t he opposite side of tin; river. 

The gravels of the Stor, near Hurston, are an 
instructive example of the denudation effected 
by this small stream (see fig. 3). On each side 
of the river beds of gravel occur, extending 
above the 50 feet contour. There can be no 
doubt that these are old river-gravels of the 
8tor. At Bedford sections are seen showing 
about 5 feet of ferruginous sandy gravel wdth 
contorted stra tification. In the lower parts flints 
are small and scarce, and the sand is finely 

^ Mantell, ‘ Geolo^ of S.E. England,’ p. 41. 

t Martin, * Geological Memoir on part of W. Sussex, 

p. 67. 
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laminated. On Hurston Warren the same gravel is seen in frequent 
sections, covering the small plateau between the two streams a 
height of 50 feet. These gravels contain angular and suhangular 
flints and ironstone, but no chert. It is in these valley- and terrace- 
gravels that mammalian remains have been found in several localities, 
as at Burton Park, Fittleworth, Wiggonholt, and Peppering ; and 
Murchison states that these remains only occur where the drift is 
protected from percolation by a capping of loam or clay. 

But in addition to these gravels of undoubted river-origin, there 
are other de])osits wliieh do not appear diret^tly connected with the 
present river-system. From Pcdersiield to West Heath, and thence 
to llogate, Trotton, and Midhurst Commons, extensive bods of angu- 
lar flint-drift, often mingled wdth iroustoiio fragments .and chert, 
rise in places to 500 feet above sca-levcd and I.K)0 feet above the 
present drainage-level. West of the A run these ])eds of angular 
drift are most abundant between the Bother and the Chalk escarp- 
ment, but they do not usually occur eilhor on t lu^ U])per Cnamsand 
or Gault. The higher grounds, also, near the summit of tlic Lower 
Greensand escari)meiit are (piile fn'o from flints. IMurcbiscm lias 
described those beds so fully that nothing need be added hero con- 
cerning them *. East of the Arun, liowevcu’, upon or near the 
watershed ])otwcen the Arun and Adur rivers, similar heds occur, 
and these wdll now he described in det ail. 

Near Storrington, on ap])roaching ih(^ suTiimit of the hill known 
as SuUington Common, angular flints become ]>lentiful, and several 
small pits have been opened in a true gravel -doi)OKit of variable 
thickness, and extending in ])atches as far as Clayton on the wcist 
and Wantloy on tlie jjorth. The dc^posit is tliiclajst on tlio highest 


Fig. 4 . — Section on /SuJlin^ton Common, 



.* 1 . Black sand, with bleaclied flints 
‘J. 8anf1, with a few flints. 

I . Angular gravel. 


contours of the Lower Greensand, which reach the height of more 
than 200 feet in this district. A pit near the Wasliington road shows 
from 1 to 5 feet of sandy gravel, the upper i>art bleached, the lower 
part ferruginous. The flints vary from a diameter of four indies to 
the smallest fragments, some of which are so angular and fresh that 
their edges cut like a knife. Ironstone occurs sjiaririgly, but chert 
is apparently absent ; below the gravel is found sand, with a few 
flints here and there. Scarcely any traces of stratification can be 

♦ Quart. Journ. Geol. Soc. vol. yii. p. 349. 
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detected in this section, and, after a long and careful search by Mr, 
P. R. Head and myself, no traces of any flint implements were dis- 
covered. In 1881 a pit was opened near the windmill, in which, as 
on Fittleworth Common and elsewhere, the deposit consists of two 
distinct parts, angular gravel and an irregular bed of sand contain- 
ing few flints (see diagram, fig. 4). Obviously connected with this 
spread of gravel is another smaller patch on Kithurst Warren, at a 
height of 150 feet above sea-level. In a small j)it in the lir planta- 
tion contorted stratification is visible, and the angular gravel over- 
lies an irregular bed of sand conf-aining only a few flints, and resting 
upon an erodtMl surface of Lowau* Oreensand. The junction is well 
marked by a layer of ironstone and angular flints (see diagi'am, 
fig. 5). No flint- im])l(!inents have beem del(H‘tcd in these beds. 

Fig. 5 . — Section at Oootham Firs. 



.‘t Angular gravel, vvil.h oontorted Mratifi cation. 
' 2 . Sand, wiili a few angular flints. 

1. Ijnvvor Givcnsand, 


which continue at- intervals still further westward, reaching in 
Parham Park an elevation of 200 feet. Although this last locality 
is within a mWo of the alluvium of tlie Aruii, it does not seem 
probable that these aecuiuulations of llint-drifi have any connexion 
with the lower river-gravels of AViggonlioK and (jrrc'aMiam, beyond 
furnishing some of the materials of which thi* latter are compostid. 

(loing eastward from Sullingtoii Common towards the water- 
shed angular flints abound everywhere, and sections of thin gravel 
are plentiful above the 200 feet contour. This gravel rises to an 
altitude of 300 feet at Lougbury Hill, where it- is seen much mixed 
with largo masses of ironstone. 'Ihe best section in this patch of 
gravel is on the roadside at (iravel-pit Plantation, where 5 feet of 
ferruginous sandy gravel are exposed. Here there are very decided 
traces of strat itication, often slight ly contorted. Seams of chiyey sand 
are intercalated with the gravel, and the basti, consisting of sand 
with only a few flints, rests upon an eroded surface of Lower Green- 
sand (fig. 6). This gravel lies exactly upon the watershed between 
the Arun and the Adur (sec tig. 11, ]>. 65()). Continuing along the 
road from Washington to 8tcyiiing the ground again rises above the 
200 feet contour near Lower Chancton Farm, and hero again there 
are small sections showing a thin coating of gravel of the same 
nature as that of Lougbury Hill. This patch of flint-drift appears 
to extend pi^st Buncton to Guess’s Fai-m, but disappears on descend- 
ing below the 100 feet level on the north. A striking feature of this 
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deposit is its extension in a thin band from Lower Chancton Farm 
past New Common copse to Lock’s Farm, right at the base of 
Chanctonbury Hill, thus forming a remarkable exception to the 

Fig. 6 . — Section on Lomjhnry Hill, 


3 


I 



fi. An«»ul.'ip Ejriivcl, with s»*ams of c‘lay(\v sand. 

12. iSainl, witli a t\‘vv angular llinti;*. 

1. Lower Green.sand. 

almost total absence of broken flints from tlie Gault and Uj)per 
Greensand of tho rest of the Ariin basin 

The Adur Baaui . — Leaving tlie waterslHul at liOngbury Hill, tho 
ground rises between Ashington and West Grinstead in a long ridge 
to a hciglit of iK^arl y 1 50 feet at Hookbinds and 1 SO feet at Windcave’s 
Farm. Thenc(^ there is a gradual fall to the level of the river at 
West Grinstead. Tho whole of this ridg(‘, consisting of Weald-clay, 
is covered thickly with whole and broken flints, intermingled with 
a few small fragments of ironstone. 'Lhe boundaries of this bed of 
drift arc very clearly deiined on the north-west by the small stream 
running past Jientoirs I'lace and New llarn, and on the south-east 
by a line running from Hook Farm to Clothairs Farm. This ridge 
is separated by a deep valley from tln^ high ground at Ashurst, 
wdiich reaches an elevation of 83 feet near repjxir’s Farm. Hero 
also a coating of angular flints is seen uj)on the surface of tho 
Weald Clay and T.owcr Greensand, and H(;veral small sections occur, 
showing 1-2 feet of gravel. The flints are occasionally ccmiented 
into a dark ferruginous breccia. As at West Grinstead, tho drift 
extends right down to the margin of tlm river. The banks also of 
the small stream running past Honey Jlridgo liavo a narrow fringe 
of gravel, extending in places uj) to the 50 feet contour. Following 
up the course of the Adur towards its source tiints occur again 
to a slight extent near Shipley, but after passing Coolliam their 
occurrence is extremely rare. 

Undoubted river-gravels of the Adur occur at several places on 
the right bank of the river between Hinebam Bridge and Bramber. 
At Heath Barn, near Hor.sebridge Common, they cover the 50 feet 
contour, but around Wickham Farm they reach tho height of 05 feet. 
A thick coating of flints is seen again on the opposite side of tho 
river at Streatliara, but at no great height above the stream. Nearer 
Steyning tho railway-cutting exposes about 3 feet of gravel at a 

* This does not apply to the Gault near the Imnks of the Arun, which, at 
Wiggonholt, Hardliain. and Tiiiiberley, is covered with river-graveh as previ- 
oudy described. 
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height of 30 feet above the river, with angular and subangular flints 
and very imperfect traces of stratification; and again south of 
Steyning railway-station the 60 feet contour is covered with a similar 
deposit. These gravels contain chiefly flints, Wealden sandstone, 
and a little ironstone, and differ totally in composition from the 
gravels in a similar position with respect to the Arun valley. 
Crossing to the eastern side of the Adur valley, a long narrow 
ridge of gravel and flinty loam is found extending from the river- 
side at Catsfold, past Henfield to Bilsborough and Blackstone Parms. 
The flints are thickest above the 50 feet contour, and small sections of 


gravel are to he seen at Henfield in the pond at Henfield Place, and 
also near Parsonage Farm. The highest points reached by this drift 
are 103 feet at Furner’s Farm and 100 feet at Wantley Fam, thus 
nearly corresponding with the highest gravel on tlm opposite side 
of the river at Ashurst (see section, fig. 13, p. l>5(>). The influence of 
drift loams on the stiff soil of the Weald-clay is well seen at Park 
Farm, where the fields on the southern bank of the 8^““ S' 
light, friable soil, contrasting strongly with the bare Weald-clay on 
the northern hank. Smaller patches of flinty loam occur at feibb s 
Farm and also at Chates, where it is strongest on the isolated 50 feet 
contour. The long ridge of detritus just mentioned border and 
faces the stivam running dne west from Hurstpieriioint. lo the 
south of a lino drawn from Ilenfleld to Mackstone between ^e^e 
points and the chalk escarpment scarcely a flint ^ ’ 

althousrh a good deal of the ground lies above the 100 feet contoui . 

Gotag eastward from Jtkc.kstonc the ground ™os considenib y 
and between Albourne and llurstpierpomt we approach 
of tho small tributary stnamis which dram Cullc hroi^k trom 
tho south. Those streams have cut small ^ 

covered with angular flint, drift. Tins is '' J 

Albourne Place, where the flints are most , e^hivol 

level i:hi foot above t he sea ; and again at, isamlpit Cottage, UU 

Wood, and thence to Danny Park ami - 

of Ln'ixvol mav boHCcn ubovo the 200 t(*ot contour at lott s 1 anu (.see 
section 12, P. (5^)0). Throughout tlie whole of this district the 
Misof’the plat’oL, arc drift-covered and the vallej^ ulmosWo-n- 
uletelv free This spread of drift can be traced along J«ew Lane 
Kletft Copse and thence to Ockendem’s 

the Upper Greensand almost to the v(uy toot ot the chalk searpm^^^^^^^ 
Around (Invton the drift is absent, but a small patch ot tlmtocovutd 
s aS seen on tho new road, near the Ualfway-housc, resting 
m«n the Upper Greensand. These spreads of angular flints can 
siLrooly bo referred to the e.\isting streams, since the> occupy 
highest contours, and are veiy near the mam watershed. 

From this plateau-drift, however, true nvcr-gravel , n 
loam have been formed on the left hank of the ^ * 

from Hassock's Gate to Dauworfh deposH ^ 

Hickstead Bridge tho Weald-clay is ^vered with a toick m 

angular flints, which are almost entirely absent ^ 
tkm proving their derivation from the higher grounds around Hurst- 
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pierpoint. All these gravels agree in containing both angular and 
subangular flints, very little ironstone, and no chert or Wealden 
sandstone. 

We now come to the line of watershed between the Adur and the 
Ouse, the elevated ridge running through Ditchling to Burgess Hill. 
At the village of Keymer, half a mile from Ditehling, small traces of 
flint-drift are to be seen near the Post Oflico ; but on ascending to 
the summit of the wmter-partiiig at Lodge Hill, 278 feet above soa- 
Icvel, the fields are again strewn with an abundance of flints, which 
become thickest near Oldlaud Windmill. This bed of gravel is 
entirely confined to the summit of the watershed, and disappears 
abrui)lly on descending below the 200 feet contour in any direction. 
Following the line of watershed from Ditchling to Burgess Hill the 
surface is at first depressed, and there is no sign of any drift; but 
the moment we ascend the higluT ground at Burgess Hill small 
sections of gravel, from 1 to feet in tliicknc'ss, again appear at about 
200 feet elevation. The flints lu^re are as angular as any observed 
elsewlu^re, and they rest upon the Wt'ald-elay. On the hill at 
luholmes Farm the clay has been extensively work(Hl for bricks and 
pottery, and on close]}" (‘xaiuining tlu‘ sections numerous jiockets of 
graved are* seen, sonietiiues dipi>ing from 2 to feet, into tlu^ eday and 
then again thinning out and ])erhaps entirt^ly disa])p(‘aring. The 
flints an; very angulai', no traea'.s of stratilicat ion are h(;re visible, 
and there is very little admixture; of ironstone. The general 
appearance of those remnants of angidar gravel is ^represented in 
the diagram (flg. 7). Again, at Oathill Farm the liedds are thickly 

Fig. 7. — Si'ciion (it Inhohnes Farm, 



1. We/del elay. 2. (rravtd. 

strewn wdth angular flints to a he;ightof JSl fe;et al)e>ve; the; Kea-le;ved, 
or 80 fe;et above the- le‘vel of the rive*r. Fre>m this point the gravel 
descends to the rive;r, and forms a well-markeMl bed aleing its l(;ft 
bank, the right bank at Wivtdsfledd and Lunce-shill being quite 
free from any detritus, nor was any tracer of this gravel found in 
the low’er grounels lying to the w-est of the* line of railway. An 
interesting feature of this graved at Oathill is that it rests partly 
upon the Hastings beds, and, unlike; the graved at Amy’s IVlill, near 
Horsham, previously describ<*d, it consists almost entirely of angular 
flints, with onl}* a very small admixture of Wealden fragments. 

Crossing now tlie valle-y between Burg<\ss Hill and Ditchling 
Common, the gravel reappears at the latte;r jdacc on r(;aejhing an 
altitude of from 170 to 200 feet, and at Ditchling Potteries several 
sections are visible, showing from 1 to o feet of angular flint-gravel 
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resting npoii Weald-clay. In some cases faint signs of stratification 
are visible, and there are intercalated seams of clay. Many of 
the larger stones have their axes horizontal, and, as at Inholmes 
Farm, the gravel penetrates eroded hollows in the Weald-clay 
beneath. The angular flints continue to occur in patches wherever 
the ground rises above th(i 260 feet contour, and thick coatings 
may be seen covciring the fields near Middleton Common Farm, 
and again in parts of Jilack brook Wood; but the drift suddenly 
disappears on descending to the lower levels north of Plumpton 
Green. 

Thus w(j SCO that the lino of watershed from nerir the chalk 
escarpment at Ditchling to the very edge of the central dome of 
Hastings beds still ndains, on its highest levels, isolated patches of 
angular gravel, in every respect resembling the watershed grjivols 
previously described near Sullington and H(^aih Common ; while 
along the margins of the Adur and its tributaries there occur, in 
several loealiti(\s, true river-gravels at various hm'ghts above the 
present level of the w'ater. 

The Ouse Basin . — Descending from the watershed at Ditchling 
Common, a small belt of river-gravel may be traced along the 
course of the striuim which flow^s from Iflackbrook Farm past 
Plumpton llaiUva.y Station. This stream joins the Ouse at Bar- 
combo Mill, near which gravels occur in sevc'ral localities. One 
patch occupies the 50 f(!et- contour at Crink Hill, and ascends at Bar- 
combe Cross to an altitude of 1 00 feet above s(si-levol, or nearly 70 
font abovt^ the prescmtlevcd of the Ouse. This graved contains flints, 
Weahhui-sandstoue and Lower-GnuMisand dehrisy and rests upon 
Weald-cla}'. It is s(‘parat(‘d ])v a small vall(‘y from another similar 
pat,ch at Barcombo village, wlu^n^ it occurs at a height of 120 feet, 
near the windmill, whih^ a third i>atch is so(‘u at Banks Farm, on 
the north of the stream which runs from riumi)ton. About a mile 
north of Cooksbridge the ground rises considerably, and near Folly 
Farm the 200 feet contour is rt;achcd. Here angular flints again 
become numerous ; but it dot‘s not set?m probable that tlieso have 
any connexion with the present drainage-channels, since they 
occur at soiiui distance from any existing stream, and are consider- 
ably higher than tht^ gravels at Barcombe. In lev(d they agree 
with the watershed gravels at Ditchling previously described, and 
they may i)ossibly be the last, remnants of a plateau-drift. 

Continuing along the margin of the Ouse, gravel with many angu- 
lar flints occurs again at North End, near Ilamsey, where it attains 
an elevation of about 00 feet above the sea-level, and near WeUing- 
ham, on the oppositt^ side of the river, other small patches occur at 
nearly the same altitude. These are about 50 feet above the level 
of the river, and are evidently old river-gravels of the Ouse. At 
about the same level we find gravel at Mailing House, near Lewes, 
and again on the opposite hank of the river in a well-defined 
terrace between the 50 and 100 feet contours. A good section of 
this gravel is seen in the railway-cutting near St. John’s Farm. 
The ^nts are very angular, but there are some Tertiary pebbles. 
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Although this is uudoubtodly a torrace-gravcl, scarcely any signs of 
stratification are visible in this section. South of Lewes gravel 
occurs on the summits of the two low hills, called respectively 
Upper and Lower Rise, at an elevation of nearly 50 feet above the 
level of the alluvium. Besides flints, some Tertiary and Wealden 
pebbles occur here. The whole of the slope bordering the alluvium 
between Kingston and Rodmell is covered with angular drift, up to 
the 100 feet contour, making a well-defined terrace-gravel. At Itod- 
mell windmill there is an interesting section of this gravel resting 
upon the Lower Chalk, into which it jH'iietrates in deep pipes, 5 or 
6 leet deep. The gravel hero consists of angular and subangular 
flints, apparently less angular than the watershed-gravels, with a 
lot of small Wealden ])ebbl(^s, disseminated through a clayey loam. 
The pipes have a well-defined coating of clay, with only a few 
flints, between the gravd and the chalk, a ])henoTnenon which has 
previously been noticed in connexion with gravel-pi])es in calcareous 
rocks 

Crossing now to the eastiTii bank of the Ouse, from Beddingham 
to West Pirle, and thence^ to th(^ railway at Burgh Bridge, a good 
man 5 ^ flints are scattered over the surface in a thin band parallel to 
Glynde Reach, and occupying geiuTally th(‘ 5( Meet contour ; but no 
sections w'ere noticed showing any deptli of gravel. Between West 
Firlo and Selmeston also the fields usually have a plentiful coating 
of angular Hints, especially near Rij)e Crossing and Sherrington. 

So far as the; rivor-grav(ds are eonccu’iied, the Ouse north of 
Barcombe has very few patches of any importance, although small 
deposits occur at Isfield, Little Horst ed, Buckham Hill, and Buxted 
Park, while loams and brickearth occur near Sheffield Bridge and 
Lindfield. On entering the Hastings-beds country flints no longer 
occur eithc^r on the surface- or in tht* river>grav(ds. 

The watershed betw(‘en the Ouse and Cuckmere passefl through 
Selmeston, and 07i ajiproaching the higher ground near this place 


Fig. 8 . — Section at Selmcston ChurelK 



1. Lower Greensand. 2. Gravel. 

flints become more abundant, until near Selmeston church a good 
section is seen showing 7 or 8 feet of angular gravel resting upon an 
eroded surface of Lower Greensand. The flints here are very 

^ Prestwich, Quart. Joum. Geol. Soc. vol. xi. p. 79 ; and Foflter and Topley, 
** Superficial Geology of the Medway,” Quart. Joum. Qeol. Soc. voi. xxi. p. 46o* 
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angular, and there is but little admixture of ironstone. Ko tr 
of stratification is to be noticed, and the gravel sometiiaes makes 
huge pockets in the Greensand below (see diagram, %. 8). It is 
mteresting to find this bed of gravel rigidly confined to the 100 feet 
contour, which extenis ixom Selmeston to Berwick Station, where 
sections are again visible in the railway-cutting. On descending 
this ridge and ascending again to a similar level on the isolated hill 
at Mayo the Hint-drift reappears, capping the hill, but not a trace 
is to be seen in the lower grounds to the north around llipe and 
Laughton. Approaching the Ouckmcrc river there is only one 
locality in which the 100 foot contour is reached, and this on a small 
hill immediately overlooking the river, about half a mile south- 
west of Scssingham. The altitude here is 110 feet, or nearly 
1)0 feet above the level of the river, and this hill is again cay)pcd 
with angular fiint-gravel. This is so evidently an outlying patch 
of the gravel at Selmestoii and Berwick Station that it is noticed 
here, although the locality is well within the (hickmero basin. 
The Selmeston gravel ext/onds southwards as far as Berwick church, 
overlapping tVie Gault and part of the Upper Greensand. 

Thus in ihe Ouse basin wc find an exact repetition of the 
phenomena observed in the basins of the Ariin nnd Adur, viz., well- 
defined river-gravels bordering the streams at various .'iltitudes, and 
traces on the watersluids of an old jdatoaii-drift which furnished 
part of the materials for tluj giavels of the lower levels. 

T/te Cuckmeve Basin . — Tlie gravtds which have just been 
described as occupying heights of 100 feet or more above the 
sea-level at Berwick Station arc intimately connected with other 
beds at a lower hwol, which seem to b(.* of undoubted river-origin. 
The reason for the close ])roximity of those graved s is to l)o found in 
the narrowness of the Cuckmore valley and the small distance 
intervening between the river and its watershed. The low^er gravel 
is to bo seen on descending the hill at Ihu’wick church, towards 
Lower Berwick. From this point it extends past Winton to 
Alfriston in a narrow band, fringing the river at between 25 and 
30 feet above its present level. On the opposite side of the river, at 
Milton Court, it occurs again, and several patches of angular flints 
are to be found higher up the river, as at, Ilighfield Bank aud 
Milton Barn. Near Milton Crossing a good sectioii of this lower 
gravel is to be seen in a cutting south of the railway, where 3 or 
4 feet of loam and gravel, full of angular flints of all sizes, rest upon 
an uneven surface of Lower Greensand. There arc here distinct 
traces of stratification, although the flints are very angular. This 
bed of gravel covers the 50 feet contour close to the river. Similar 
gravel occurs at the same elevation on the opposite side of the river, 
and again near Chilver Bridge, where the whole of the 50 feet level 
is thickly covered with angular flints. 

Between this point and Michelham the banks of the river consist 
of low mounds of loam, with many very small Wealden fragments 
and a few flints ; but at Michelham Priory there is a small bed o 
river-gravel, chiefly composed of waterwom Wealden i>ehbles 
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together with a few angular flints, but at no great elevation above 
the river. 

Approaching the eastern watershed of the tJuckinere, rracos of old 
flint-covered surfaces again become visible on the highest contours. 
Thus, in Abbot’s Wood, near the lioyal Oak public-house, indica- 
tions of a thin coating of angular flints occur at an elevation of 
134 feet above sea-lcvel, and again at New House at a height of 
136 feet. A striking example of the occurrence of this flint-drift on 
the highest levels only is to be seen in a tield near Eastland 
Coppice, where the highest level in the neighbourhood is reached at 
an altitude of feet. Here there is an abundance of angular flints, 
with some Tertiary ])ebl)les ; but vo sections occur to show any 
d€‘.pth of gravel. Althougli these gravels apj)ear to be very thin and 
in fragmentary patches only, it is inieresiing to note even the 
smallest traces of flint-drift on the walerslied of this the last- and 
smallest of the rivers in the area under discussion. 

Of the deposits of the Ashbuni valley tluuH* is nothing to add to 
what has already bec'ii descriluul by Sir It. Murchison * and Dr. 
Mantellf. The suptTticial deposits arc* chiefly loams, from which at 
Eastbourne many bones of fossil Mammalia have heen obt/aim^d. 

Siihaeriifl Deposits, — Jk‘sides the abov(‘-mentioned accuniuhitions 
of angular flintxJrift, tlu^ surfaces of tin* J.ow(‘r (irei'nsand in many 
localities has a few fec't of sandy or loamy dejmsit containing large 
angular fragments of ironstone and geiuTally small angular flints 
sparingly disseminated throughout the mavss. In tlu^ majority of 
cases where this deposit is pr(*sent the surface of the rock below is 
greatly eroded, and ironstone is not- present. From the constant 
manner in which these d(‘posits conflne lhojns(*lves to tln^ outcrop of 
the 8andgatc beds, there can he littJci doubt that- they ani nien'ly 
superficial accumulations. 

Occasional flints, as well as Low(‘r-GreensaiKl ironstone, are 
scattered over the surface of the Weald-clay the v(‘ry margin of 
the central dome. Tertiary ])e1)bles also are fre<|Ucntly to be m(4, 
with. These doubtless re])resent the remains of the strata wdiich 
formerl}’ covered the W'eald-ciay area. Flints, however, are much 
less frecpiently met with on tlie Weald-clay of the Arun valley than 
in the case of tin* Adur and the Oust*. 

Erratic Blocks. — Not a single in.>tanc(^ has heen notict^d of the 
occurrence of foreign boulders upon the surfact* of tin* Wealden 
vallc}’ itself, but I procured a moderately large granite* boulder from 
the summit of the Chalk escarpment. The boulder lay amongst a 
thick coating of flints on some ploughed land at. Kithurst, close to 
the edge of the escarpment, and exactly upon the 000 feet contour of 
Kithurst Hill. The occurrence of this boulder is so remarkable 
that it merits a more detailed description. The mass weighed 
between 5 and 6 lbs., and had an irregular shape, with a rough 
surface destitute of any signs of scratching or polishiiig by ice- 
action. When broken it exhibits the structure of a moderately 

Quart. Journ. Geol. Soc. vol. vii. p. 3r>.5. 
t ‘Geology of S.E. England/ p. 43. 

Q.J.G.S. No. 172. 2y 
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The fine dotted line marks the outcrop of the Lower Greensa 
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coarse-grained granite, with an abundance of pink and white 
felspar, and small grains of quartz. Black mica is also present. 
Although the rock is much decomposed, 1 prepared a thin slice for 
microscopic examination. In this the felspar is seen to predomi- 
nate largely and is almost wholly kaolinized, scarcely any of it 
retaining the depolarizing power. Iron stains arc common along 
the edges and cleavage -planes of the crystals. The quartz is in 
irregular grains, and somr^times discoloured by decomposition-pro- 
ducts : the grains are g(oierally cloudy, owing to the ])resonce of 
innumerable minute tluid- or gas-cavities. The mica is biotite, very 
dark and strongly dichroic. Hornblende does not appear to occur, 
but some ojjaquc patches of magnetite are to be seen. The section 
bears a strong resemblance to a specimen of Peterhead granite in 
my cabinet. 

Until the conve3^ance of this boulder to its position on the Chalk 
tiscarpnnuit by natural transport is coiifirnied h)' tlie discovery of 
other blocks, it; will be b(dt(‘r not to venture upon anj" theory as to 
its origin, espetaally as the ])res(mce of i^rraiies in such a position 
would necessitiitc a modification of aece])tc‘d views respecting the 
ph^’sical condition of the south of England during the Clacial 
epoch. 

(haeml Conchmon ^. — Althoiigli it. is clear in man}' cases that tbo 
gravels just described hcair a close relation to the pr(‘sent drainago- 
channols, and old river-beds are easily to be recognized at various 
elevations above the present water-level, ytd there are many 
difficulties to be encountered whim it is endeavouriMl to explain tho 
origin of the bods of angular drift which lie cither upon the main 
watershed-s or upon the higher contours far removed from existing 
rivers. Sir 11. Murchison maintained that all tho beds of angular 
drift within the Wealden area, irrespective alike of their position 
with regard to the river- valleys, their composition, or tho evident 
traces of stratification which many of them revijal, are tho results 
of an agenc}" of vast intensity,’’ of a former jmworful but transient 
current, which “ denuded the surface of tlio bare rocks in many 
parts, and at the same time distributed broken matiTials along a 
zone of limited width,” especially where the higher ridges arrested 
the progress of tho current *. In support of this theory ho dwells 
particularly upon the want of stratification in the drifts of this 
area, and also upon the fact that in the more eastern portions tho 
stones are more water worn, and fin all}' give place to bods of loam 
without any admixture of flints. Mr. Martin supported this view 
with the statement that the Weald valley looks like a great water- 
channel after a flood — some parts being clean denuded, others loaded 
with drift t. Prof. Prestwich in 1851 agreed with Murchison in 
advocating the sudden, tumultuous and rapid accumulation of the 
angular drift, and Mr. Hopkins, in 1852, expressed similar views J. 

* Quart. Journ. Geol. Soe. vol, vii. p. 349. 

t ‘ Geol. Mem. of Part of W. Sussex,’ p. 84 ; and * Phil. Mag,* ser. 4, vol. vii. 

p. 116. 

i Quart. Joum. Geol. Soc. vol. viii. p. xliv. 
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A general review of the evidence in favour of this view has been 
so recently given by Mr, Howorth^ that it only remains here to 
examine how far the theory of a sudden flood will explain the facts 
described in this paper. 

In the first place, it becomes evident to anyone who carefully 
examines these beds of drift that, instead of having been formed 
after the present configuration of the land had been established, and 
having been arrested here and there from some rapid current, all 
the evidence points to an interruption in the continuity of the beds 
by the subsequent lowering of the valleys by denudation. The 
accompanying sections, drawn across the river-valleys, point to the 
existence of an ancient drift-covered plateau lying between the base 
of the Chalk escarpment and the margin of the central dome (see 
figs. 10-12). Denudation has destroyed almost every trace of this old 
plateau, except oji the higher grounds, near the watersheds, and even 
here the remnants of the drift are thin and fragmentary, and are cut 
through by the smallest depressions. This is especially noticeable 
around Ilurstpierpoint/, Ditchling, Durgess Hill, and Berwick. In 
fact wherever the smallest trace of the plateau-drift has been pre- 
served it is invariably confined to the highest contours, and ends 
abruptly oil passing a certain level. From this ancient jilateau the 
Hint-drift trails out in the direction of the streams, forming lower 
terrace-gravels of more recent origin. 

Murchison 8 statement that the gravels become more waterworn 
in the eastern portions of this area was not borne out by my observa- 
tions, the gravels at Selmeston and Berwick being quite as angular 
as any of tlie more western drifts. Moreover, the theory of a strong 
current sciiitig out from the west is scarcely in harinony with the 
loctil chtimc.iev of the drifts of diflhroiit areas. Thus at ITardlmm, on 
the right ])ank of tlie Ariin (fig. 3), the gravels contain an abundance 
of ironstone and chert from the Lower Greensand, and these sub- 
stances occur in nihi at no groat distance from the river. But on 
the left hank of the same river cliej^ is much hvss pl(‘idiful, and 
becomes quite rare in the gravels of the up])er ]>art8 of the eastern 
tributaries, which do not flow through districts in which chert is a 
(mnstituent of the rocks. Jronstont? also, which is abundant in the 
gravels of the Anin and Adur, Ix^comes (juito scarce in the valleys 
of the Ouse and Ouckmeni, where the Ixiwer Greensand is lower 
and thinner and only occasionally contains bands of ironstone. 

This same connexion between the materials composing tho gravels 
and the composition of the underlying strata may also be noticed in 
the watershed gravels. Thus the drift at Petersfield is stated by 
Murchison to consist only of flints : further eastwards it becomes 
mixed with chert and ironstone ; but at Longbury Hill, between the 
Arun and Adur basins, scarcely any chert is to be found, although 
an abundance of ironstone occurs both in the gravel and in the 
underlying strata. At Ditchling and Burgess Hill even the iron- 
stone is far less common, and at Berwick it becomes quite insignifi- 
cant. The Arun gravels, again, contain no considerable quantity of 
* Geol. Mag., Nov. 1882, p. 509. 
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Eints until after receiving tbe Bother and the Stor, two tributaries 
which rise near the Chdk escarpment. The Adur, in both its 
western and eastern branches, has flint-gravels only where its 
tributaries rise in the flint-covered surfaces near its watersheds. 

Any tumultuous easterly current would certainly have mixed up 
the detritus to a suiflcient extent to have obliterated any such 
evidences of a purely local origin. The theory, therefore, of a 
torrential current, while certainly not required for the explanation 
of the lower gravels, is inadequate to account for the origin of even 
the watershed-drifts. 

Let us now endeavour to compare the drift-phenomena of Sussex 
with those of neighbouring districts. When we turn to the 
northern watershed of the Wealden area, we find there, as Mr. 
Topley has long ago pointed out, extensive deposits of gravel, nearly 
all of which can be referred to the action of existing rivers when 
they flowed at a higher level. But in two separate localities gravel 
deposits occur, the origin of which is not so clearly established. One 
of these is at Limpsfield, at the western end of the Darent valley, 
where a coarsci angular gravel occurs on the tvaiershed^ 500 feet above 
sea-level. The other is at Warren House, near the eastern water- 
shed of the Stour ^ where gravel containing Tertiary pebbles caps a 
hill 300 feet above the sea. Of these tAVo patclu’s of gravel Mr. 
Topley remarks that, under any theory, they are difficult to account 
for, and their origin must for the present bo left undecided**^. We 
see therefore that there is a general agreement in the drift-deposits 
of the northern and southern portions of the Weald. In both eases 
wo find river-gravels, and also gravels on lh(j watersheds, of which 
the origin cannot be traced to any existing streams. 

If, now, we extend our observations beyond tin*, Wealden area, wo 
find, in llam]).sbire and the Isle of Wight, gravel- de])Osits which 
Mr. Codringtoii considers to be of far greater age than the valley- 
gravels of the rivers t. These gravds reach an elevation of 420 feet 
in the New Forest and 390 feet on Headon Hill. Now no one can 
avoid being struck by the close rcsemblaiico between tlie Ileadon- 
Hill gravels and those of the Wealden area of West Sussex. Mr. 
Topley has already suggested a possible coiinexion between the 
angular gravels of Midburst and Kogate Oominons and the higher 
portion of the great Hamj)sliire sheet of graved in its easterly ex- 
tension. ^Ir. Presiwich, again, in dcscri])ing the (Quaternary 
phenomena in the Isle of Portland .‘ind around Weymoutli, says; — 
“ Capping the high chalk ranges of Uj)ton, the White Nore, and 
Abbotsbury, is a thick bed of perfectly angular sharp chalk-flints in 
a reddish clay reposing on a deeply-indented surface of chalk, while a 
similar angular drift composed of fragments and masses of chert and 

ragstone caps the ITpper-Greensand hills north of Abbotsbury 

I merely refer to them as having been the storehouses whence much 
of the latter drift^-beds have been supplied ’’ +. Devon and Cornwall 

Topley, ‘ Geology of the Weald,’ p, 297. 
t Quart. Journ. Geol. Soc, vol. zxxvi. p. 549. 
f Ibid. vol. xxxi. p. 41. 
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also show abundant traces of plateau-gravels, at heights varj’ing 
from 300 to 1200 feet above sea-level. The mfsterials of these 
gravels are mostly of local origin, and, while the slopes of the hills 
are free from drift, the valleys have abundant gravel-deposits up to 
100 feet above sea-level 

Now when we look for an explanation of these phenomena, 
■which are seen to be general over the whole of Southern England, 
it is evident that we must accept one of two views. Either the 
higher plateau-gravels are the oldest, and the lower valley-gravels 
represent former river-beds, and are consequ(*ntly a measure of the 
denudation which has been etfected since their deposition ; or all 
those patches of gravel have been deposited since the excavation of 
the valleys, their sporadic character being due cither to a kind of 
selective deposition, or to a subsequent i)rocess of sele(^tive chmuda- 
tion. The former theory has been sufficiently proved by Mr. 
Topley to hold good for the gravels of the northern portion of the 
Wealden area, and the phenomena described in this paper respect- 
ing the southern portion tend to a similar conclusion. 

The chief advocate of the marine theory is Mr. JSearles V, Wood, 
who, in an elaborate contribution to this subject as late as 1882 1, 
discredits the view that there has been any considerable excavation 
of the Woaldou valleys since the dei)ositiou of these gravels, which, 
ho states, ■v\'ere accumulated either under the sea, or in estuaries as 
the sea "was invading or retiring from the land. 

An examination, however, of the facts described in the earlier 
portion of this paper shows the extreme difficulty of accounting for 
the gravels of the southern portion in this manner. M’hether we 
examine the valley of the Kother at Fittleworth, the Arun at Hen- 
field, Wickham, and Stoyning, or the Ouse botwetm llarcomhe and 
Kodmell, the terrac(-<f ravels always s/oye yenily towanls the rivers, 
and terminate ({hrvptly In the opposite direction. Could any process 
of selective de])ositioii or selective demulalion by the sea explain 
this fact? Again, let ns consider the ])lateau-gravel of the Adur 
w'atorshed at Ditchling. Here we find tliree or four isolated bills, 
close together, each capped with gravel, and in each case the inter- 
V(ming valleys are free from drift. Is it not more in accordance 
with the fundamental principles of geology to see in this fact the 
excavation of the valleys subsequently to the accumulation of the 
drift, than to imagine some unintelligible process of selective depo- 
sition on the summits of those hills, when submerged beneath the 
sea, or a peculiar process of denudation, w'hich during emerge^nce 
swept the valleys clear and left each hill-top covered with drift ? 
An exactly similar but still more striking instance of the 
same kind is seen in the Cuckmere valley, wffiere we find isolated 
hill-tops ca])ped with drift, even when an area of only a few square 
yardvS roaches above the particular contour to w’hich the gravels are 
confined. 

Another arg;iment against the view that the Wealden valleys 

* Belt, Quart. Juurn. Geol. Hoc. vol. xxxii. p. 83. 
t Quart. Jourii. Geol. Hoc. vol. xxxviii. p. 6fi0. 
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have not been considerably lowered since the (ilacial period is to be 
found in the existence of Crag deposits at Lenham, on the edge of 
the Chalk escarpment, which points to the conclusion that the whole 
'VVealdeii valley has been excavated since the riiocene period 

When we come to consider the origin of the plateau-drift, we 
are met by considerable difiiculty. The flints are the residue of the 
Upper Chalk w hich still covered a certain i>ortion of this area after 
marine denudation had ex})Osed the Hastings beds of the central 
dome, and probably also the higlior portions of the Lower Creensund 
escarpment. Similar flints, many of theiii anguhir and broken, still 
lie in groat quantities upon the summits of tlie Chalk escurpiuont, 
and ill many jdacos, as at Beach}' Head, build uj) a considerabh^ 
thickness of angular, ferruginous gravid, not. unlike the drift-gravels 
just described. The broken and sliivered condition of the flints of 
the Wealdeii an^a has been attributt‘d by Mr. S. V. Wood to the 
result of Jilternating frozen and warmer conditions of the surface of 
a soil wdiich remained pcrmaiumily frozen below t. 

But to account for the distribulion of the bt'ds of angular gnivol 
on the higher grounds, and the evident traces of stratilication w'hich 
they in many cases present, appears to rcajuire something more 
than a mere letting dowui of the angular flints, in ])ro])ortion as the 
Chalk disappeari'd, vijion nn (‘roded surface* of iln^ interior strata. ; 
for if such a jirocoss has lieem going on during the recession of tlio 
Chalk escarpment, it should also Ik* going on now, and flints should 
occur, along the base of the escarpment, upon the Upper (Ireensnud 
and Gault. Yet it is just here that the flint-drift is al>s(‘nt, e:i(*.(‘pt 
in certain instances near the wnterslieds, as near (dianc.'tunbuiy and 
Clayton. An examination, moreover, of the diagrams of the w’ater- 
shed gravels is suflicieiit to show that such plienoin(‘ua as contorted 
stratilication, intercalatcHl lieds of sand or clay, and alicirnations of 
tine and coarse materials require some more powerful agent than 
m(^re subaerial deposition, liov/over angular and confused the general 
character of the (Irift may he. 

It seems necessary thcrt*foro to look upon the w'atershod gravels 
of Heath Common, Hitchling, and Berwick as the nmiaius of an 
(iastern extension of the angular drift of liogate and other i)arts of 
West Sussex, and as a true subaqueous diqiosit. 

SUWMAKY. 

It will be convenient, in conclusion, to sum up tlio results which 
it has been the object of the present iKipcr to prove, viz. ; — 

1. That the highest and oldest gravels of this area occur only in 
patches in or near the watersheds : that, alt.hough a])par- 
enily wdthout fossils, these gravels exhibit some traces of 
subaqueous origin, and may possibly be contemporaneous with 
similar deposits occurring throughout the southern counties of 
England. 

Prestwich, Quart. Joum. Geol. Soc. vol, xi7. p. 322 ; 0. Koid, ‘ Nature,’ vol. 
xixiv. p. 342. 
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2. That the valley-gravels have been mainly built up of the 

detritus from the older beds : that these vaUey-gravels have 
been formed by existing rivers, flowing in their present 
directions, and that in the lower gravels mammalian remains 
have been discovered in several localities. 

3. That the gravels of this area are strictly local in character, 

and contain only such detritus as can be derived from the 
districts drained by the diffennit rivers or th(,*ir tributaries. 

4. That a considerable amount of denudation is proved, not only 

by the fragmentary nature of the watershed-gravels, but 
also ])y the height to which the terrace-gravels reach above 
the ])rcsent level of the rivers. 

5. That th(^ finding of a granibi boulder on the summit of the 

Chalk escarjunent may, if confirmed by other similar dis- 
covoih^s, cf'usidcu'ably modify exivsting idtsas respecting the 
physical condition of this area during ilie Glacial period. 
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45. On the Ancient Beach and Boulders near Braunton and 

Croyde, in N. Devon. By T. M‘Kenny Hughes, M.A., Wood- 

wardian Professor, Cambridge. (Read June 2B, 1887.) 

The ancient high-level beaches of the south-west of England have 
long attracted notice. Paris * referred some of them to blown sand ; 
Came t and Boase i mentioned the occurrence of similar phenomena 
around the coast of Cornwall. Godwin-Austen § described a 
“ raised beach ” at Hope s Nose, and later on, in his paper on the 
superficial accumulations of the coasts of the English Channel ||, gave 
an account of several other deposits in different localities, which 
seemed to him to indicate an elevation of the coast-line. The posi- 
tion of many of these beaches is indicated by Greenough on his 
geological map and by De la Bechc on the ma]»s of the Geological 
Survey. 

Among the raised beaclies we generallj' find included the sand- 
clifl's of Saunton Down and Middle Borough, on the coast west of 
Barnstaph^ These d('])()8its have a furth(‘r interest attached to 
them from the occurrence at their base of huge boulders of various 
kinds of rock, some of which, it would seem, do not exactly resemble 
any rock-masses in the drainage-areas from which they could have 
been transported to whore they are now found by any kind of river- 
action. 

»Sedgwick If, Murchison Williams ft, and De la Beebe have 
df'seribed these cliffs, pointing (»ut the similarity of the deposits to 
those of th(? modern sliore, and, assuming that the whole was an 
ancient beach, of course explained it^ present position by changes 
in the relative level of land and sea. It seems to have been 
generally 8])oken of as a Itaised Bench from tlic time of these 
earlier observers till the year iJSOh, when Mr. Hponco Bate§§, from 
a careful examination of the scjcfions, returning to the views of 
Paris, arrived at th(^ coneJusion “ that tlie entire structure conduces 
to the conviction tJiat the so-called raisc'd beach is in reality the 
uudestroyed remnant of an extensive district of wind-borne sand 
similar to that which now exists on Braunton Burrows.” 

In a paper published in |; !i Mr. Ptmgelly replies to Mr. Sporice 
Bate, and gives exact measurements taken at various points along 
the cliffs. He is led by a consideration of the low level at which 
various land-phnits are found to infer that the tide does not now 
often reach the level to which the remains of Balanua indicate that 

* Trans. R. Gx*ol. Soc. Cornwall, vol. i. 1818, p. 4. 

t Ihid. vol. iv. 1882, p. 2.V.). + T<tnfi. cil . pp. 2o9, 270-278, 320. 

§ Proc. Geol. Soc. vol. ii. 1834, p. 102. 

1} Quart. Journ. Geol. »Soc. vol. vii. ISol, p. 118. 

^ Trans. Geol. Soc. vol. v. p. 270 ; Proc. Geol. S(jc. vol. ii. p. 442. 

Ihld, 

Trans. Geol. Soc. vol. v. p. 287; Proc. Geol. Sfjc. vol. ii. p. 4tl. 

ft Report on the Ged. of Cornwnll, Devon, and W. Somerset, 1839, p. 42o. 

Trans. Devon Assoc. Adv. 8(4. Lit. and Art, 18d(>, p. 128. 

u 18t>7,p. 4lo. 
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it once commonly rose. He thinks that the transportation ’’ of the 
great boulder of rod granite “ required more than wave-power 
merely/’ and, on the assumption that it was carried on ice, points 
out that it would necessitate a considerable change of level to float 
such a large mass of ice to where the boulder now lies. Inciden- 
tally he notices the vertical shafts in the sand-cliffs, and suggests in 
explanation that the process begins by the infiltration of rain-water 
containing carbonic acid in solution, which dissolves the calcareous 
cement of the consolidated sand, and “* that in periods of continued 
drought the water ev.aporates, the winds disperse much of the dry 
loose sand, ]>ut communicate a rotary motion to the rcsiduo, and 
thus produce the cylindrical or subcylindrical form of the shafts, 
and that hy a repetition of this process the shaft is gradually deep- 
ened until it passes comjdetcl}' through the sand-beds.” 

The points to which I invite attention in the following paper 
arc : — 

(1) Is this deposit on the southern slopes of ISaunton Down a 

raised beach ? and 

(2) Were the above-mentioned boulders carried to their present 

position by ice ? 

I would avoid any future misap])rehcnsiou of my meaning hy 
defining what I understand hy a raised betich. 

A raised beach is a portion of the sbore-dojiosits which were 
accurnulat(;d when the hind was at a lower level. It is not suffi- 
cient to show that thc^ deposit could not now lie laid down by the 
sea in the position and at the luught at which it is found, unless it 
can he shown also that no other conditions than a sinking of the 
land would oxplaiu its occurrence in such a jiosition or at such a 
height-. 

lligh-watcr mark for the purjioses of this iiupiiry does not mean 
the level to which the tide rises in calm, but tlic much higher line 
up to wdiich wind-driven Atlnniie waves in spring-tides carry sand, 
shells, and blocks of stone. The tidal range in Ihirnslaple Eay is 
stated hy Mr. Hall to ho between JlS and 4l) h^et ; but enormous 
inass<‘8 of rock may be seen thrown u]) to much higher levels in 
almost any little cove around this coast. 

AVe know that stones t'ce. can be caught in the waves * and 
hurled to the toj> of vertical walls of rock ; but this docs not give a 
l)each-]>ke dejiosit. If, however, we have a long sloj)e on an open 
shore, still more in a narrowing creek or hay, and ocean waves 
breaking on it, beach-deposits (stones, sand, shells, &c.) are carried 
far above what is commonly understood by high-water mark. Alter 
the coast-line, destroy a promontory or sandbank, turn on a current, 
or change the outfall of a river and the sand and shingle are swept 
away ; the sea cuts into the solid rock, and leaves a cliff with the 
thin end of the long shore sIojk) seen on top of it, now many feet 
above high-water mark f. 

That is not a raised beach, for it would require no change of 

Hughes, Journ. Viet. lust, or Phil. Soc. Gt. Brit., Feb. 1887, p. 4. 
t Cf, Came, Trans, R. Geul. 8oc. Cornwall, vol. iii. 1828, p. 220 ct seq. 
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level to produce it. It would bo brought about by the uniform 
waste of an irregular coast-line, where the destruction of lieadlands 
and the shiftirig of sandbanks and currents determine wliieh pait 
of the rocky coast aliall have a protecting mantle of sand for a time 
thrown over it, and which shall be stripped to bear the ceaseless 
hish of the waves. 

lleferring to the diagram (fig. 1), let L, M represent high- and 

Fig. 1. — Bxiujram Section shoivinr/ the of Forvmtion of some 
of the Ilhjli-level Beaches of Devonshire* 



low-water mark, the level of ordinary high and low water respec- 
tively, and E F the surface of the existing sand-slope ; then the 
waves in storm may break against the foot of the cliff (rll, but 
never get as high as K, the base of wbat is called a raised beach. 

But when A It or C 1) was the surface of the sand-slope, the sea 
in storm, especially if it was in a bay or cre(jk or corner, would rush 
up the incline along A B or C I) to a h^vtvl fa r above K. Then when 
the gradual changes of the coast, shifting th(‘, sandbanks, eating 
awJiy the promontory, and so ou, had removed the sand marked (3) 
and cut hack the cl iff to (ill, the portion above K would look like 
a raised beach, and, iu fact, would be practically out of reach of 
the waves. 

if any change of level has taken place in this case it seems to mo 
to be ([uit(^ as likely to have been a downward as an upward move- 
ment. At auy rate it is [)robable that if the sea were thrown more 
strongly on to tlie sand-dunes in Barnstaple Bay by a small dej)re8- 
sion, the tendency would he to drive them hack to the east leaving 
just such patches of consolidated sand and talus in cliffs near 8aun- 
toii Court as arc now seen along the cliff further w(ist. And the 
height to which the, properly speaking, marine deposits occur is so 
little above ordinary high tide that there is plenty of margin left for 
storm-waves to carry them up to where they are now found. 

When a long sweep of shore such as Woolacomhe sands or Bide- 
ford Bay leaves a wide expanse of sand exposed between every tide 
to the sun and wind, it is curious to notice how soon after the sea 
has left it the surface of the sand begins to move under the influ- 
ence of a dry wind. One might almost think sometimes that the 
sun and wind dried one grain at a time and started it off immedi- 
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ately, so damp is the sand, while the yellow haze a few inebes 
dm tells us the surface is beginning to drift away. Stick a slate 
or a sliell up to catch it, aud you soon find how rapidly the work is 
loing on. So the sandhills are formed which protect the lower part 
of the lowlands behind from the rush of the wmd-driren tides. In 
exceptionally high tides, however, the sea is earned far up the 
incline formed by the dunes, and so marine deposits are intercalated 
in the lower part of the blown sand. Thus we must hare in all 
such cases marine deposits at the base, then resting on them alter- 
nations of jEolinn and marine, all heaped up on solid rock or estua-- 
rine silt or whatever the floor may happen to have been. 

When wo examine the iip|)er part of the deposit, we find that the 
sand is carried by the wind above the highest water-mark to form 
the dunes, and in like manuor iii) the hill-sides that hound the 
estuary or hay. 

Hero another operation is at the same time going on. The talus 
due to gravitation or pluvial ac^tion erec])s down over the shifting 
sand and covers or is cov(‘red by it. '^fhis may go on uj) to any level 
if tlic 8lop(3 be favourable and the 8U])j)ly of sand sutiiciout ; and if 

Fig. 2 . — Diagram shoiriiuf Suarssion of Deposits West of 
iSaunton Court, 



I, .T Marino snnd and shingle. 

* 2 . Blown sand. 4. Pilt.on Bods. 


deposits thus formed are cut hack and exposed in section, we see 
alternations of blown sand and talus, but further from the hill the 
blown sand only, as shown in the diagram (tig. 2). 

Wliere therefore only this last-described deposit of blown sand 
and talus rises above highest water-mark, but the marine deposits 
at the base are no higlier tlian could now he reached by the waves, 
there is no evidence of change of level such as would justify our 
calling the deposit a raised beach. 

Along the coast from the north cud of Braunton Burrows around 
Croytle Bay, but especially' under the south 8loj)e of Saunton Down 
and west of Middle Borough, there is an almost continuous beach, 
wliich I would refer to the agencies I have just been describing (see 
fig. B). The upper part consists of angular fragments of the rocks 
whicdi occur on the hill immediately above it imbedded in earth, the 
result of the subaerial decomposition of those rocks. Where the 
cliff has been cut back pretty close to the steeper slopes the thick- 
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ness of this deposit is very great. Conspicuous white bands are 
sometimes seen along the face of the section, but this is only a 
superficial efflorescence of salt due to the evaporated spray from the 
sea. 

Below this talus there is a deposit of sand of ver)’ variable thick- 
ness, often having at various horizons in tlie upper part bands of 
angular talus like that above. 

The bedding is very clear in the weathered cliff (see fig. 4). It 
is often false-bedded, and in sections at right angles to the coast is 


Fig. 3 . — Diagram Section acroffs ^o-called llaiml Beach under Saunfon 
Downy North end of BarnatapJe Bay, (Scale 200 feet to I inch.) 



a. Kccent sand and shingle. 

h. U’aUis, ovcrlap}»ing and dovetailing with upper ))arl, of e. 

c. Blown sand, with subaerial talus irilerealat»‘d iu upper part,, and sea-beach 

deposits alternating with lower part. 

d. Pilton Beds. 

X. Low water. //. High water. r. Spring tides and storms. 


Fig. 4 . — Oliff of Consolidated Sand resting on Cleaved Rocic 
{Pilton Beds)y Saanion Ihwn^ North Devon, 



sometimes seen to slope up rapidly against the hillside, as indicated 
in the section (fig. 3). 

Land-shells occur here and there, singly or in bands, Helix t'tV- 
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fjiafa being the most common, as on tbe adjoining sand-dunes. Sea- 
shells are rare, and only such as might have been carried by birds 
or rolled up the sand-slope by the wind. 

In the lower ])art of the sand-cliff, however, sea-shells are com- 
mon, and there are lines of shore shingle which gtmcrally forms an 
irregular conglomerate at the base. It is consolidated into a hard 
calcareous sandstone, so hard that it is used in tbe neighbourhood 
for rough walling. Owing to its bcdtig hut little jointed, it long 
resists the battering of the weaves, which have to remove it almost 
grain by grain. Here and there, however, great masses are lifted 
out and trundled hy the waves along the shore, furnishing an 
example of tbe sea (piarrying out and moving along the shore, at the 
same level as the ])Oiildersof granite, masses as large as, if not larger 
than, those, for the transport of which ice-agency is involved. One 
such, resting on tlie (;I(*aved rocks at tlio foot of the cliff, is shown on 
the left-hand side of fig. 4. 

The consolidation of the blown sand round the coast of Devon 
and Cornwall was noticed and (^xjffaincd by ]*aris wlio ascertained 
hy experiment that the shelly sand contained from 60 to <>4 per 
cent, of earbonat(^ of lime. Jloase t descrj])es the syme thing, and 
quotes an old author who, fifty years before his time, (‘xplained the 
induration of tlie sand hy iniiltration of water charged with car- 
honate of lime, only ho describc^d it as sparry or coralline juice, such 
as forms incrustations in the bottoms of culinary vessels and in 
water-])i])e8. In a little ravine about lialf a mile west of 'Middle 
Borough 1 noticed a s(‘ctioii ns of a transv(Ts(^ gully aluyiit twenty 
feet deo]), at the base of wliic.h, under some Kcventeen fec‘t of talus, 
was three fe(4. of sand, in wliieh were bunds about an inch thick of 
a dark sandy ironstone. This also seemed to be quite a reecnt 
formation. 

Where the sand from above has run dt)wn through a crevice, like 
sand ill an hour-glavss, it has often enten out a cylindrical hole 
from two to four feet aeross. I am iriclincHl to think from what I 
have seen that, except where there has Ix^en a hole quite through, 
these chimneys are never formed, but that some of them are origi- 
nally half-cylinders, that is to say, the sand pouring over the edge 
of a sand-cliff cuts a groove out as would water. 1 think it certain 
that when once formed the wind helps to carry on the work and 
round them off, hut that the action of the wind on the top of the 
sand could never form them hy producing a rotatory motion, as the 
water of an eddying mountain-torrent bores holes in the solid rock 
by whirling pebbles round in any hollow that arrests them. 

Flints occur in this ancient beach as on the modern shore, and 
there has been much speculation as to their origin and mode of 
transport. An examination of the flints themselves will, I think, 

* Paris, “ Geological Structure of CornwalH'’ Trans. R. Geol. Stxs. Cornwall, 
Tol. i. ISIS, p. 194. 

t Boase, “ On the Submersion of part of the Mount’s Bay,” &c., Trans. R. 
Geol. Soo. Cornwall, vol. ii. 1822, p. 143. See also Came, “On the Mineral 
Productions of St, Just,*’ ibid, p. 333. 
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be sufficient to justify our dismissing several of the hj’potheses 
suggested. 

They are not flints of the kind used by primaDval man for the 
manufacture of implements. 

Their numbers, wide distribution, and constant association with 
ancient deposits at very various levels make the hypothesis that 
they were accidentally introduced quite untenable. They go back to 
times far earlier than any ships that carried ballast. 

They are irregularly iron-stained, subangular gravel- stones, not 
flints derived directly from the chalk. 

They are of the same kind as those common in the high-level marine 
deposits of Wales* and the north of England, and occur all round our 
western coasts. 

They are found on the St.-T)avid\s y)lateau. They have been 
brought to me by Hr. F. J. II. Jenkinson from the gravels that 
occur here and there all over the Scilly Isles. They arc handed on 
to lower levels by every biter denudation, and arc generally io be 
picked up in every modern shingle. They form i)art of tlu^ great 
gravel banks of unknown age that lie ofi’ our south-west coast. 

They do not appear in the older boulder-clays of Wnles, but camo 
in with the shore-drifting that mixed u]) the debris of tlie nortluirn 
icc-shoets with that from the (.^ambrian mountains, and dates from 
the Moel-Tryfan and 8t.-Asa])h stage of the rieistocerie. 

It is perfectly clear that the upper ])arl of iliis cliff below the 
talus cousists of nothing but blown sand. We have only to walk 
south as far as Braunton Burrows to see a similar doy)osit now in 
process of formation. The sand is hbmn up against ])reoxisting 
dunes, so as to show in section steeply inclined beds, just as it does 
where blown against the hill-sides of Sauiiton Down or Middle 
Borough. A few stones are carried here and there far up tlic sand- 
slope and in between the dunes. Shells are transported some dis- 
tance up by the waves, and still further by the wind. Certain 
species are carried in by gulls and crows. I saw here among the 
sand-dunes the shells of Patella vnUjata^ Fecten varhis, Mytilus 
edulis, Mactra sfulfornm, Scrohimlaria piperata. On the coast of 
Pembrokeshire I have seen the shell of Nassa reticulata rolling up 
a steep sand-dune in a gale of wind. The shells of land-mollusca, 
such as Helix virgata^ IL aspera, H. nemoralis, Bulimus acutus^ &c., 
are also blown about and rest in any sheltered hollow, or even in a 
footprint ; but they do not occur indiscriinij lately throughout the 
mass, so that it often happens that over large tracts not a single 
specimen can he seen. 

At the north end of the dunes the sand creeps up the hillside, 
extending in irregular hummocks as far at any rate as Saunton 
Court. If any change of current were to destroy the great barrier 
of blown sand, so that the sea rolled in below Haunton Court, and 
the sand next the hill were hardened a little by percolating water, 
we should have cliffs precisely similar to those now seen along the 
south side of Saunton Down and round by Middle Borough almost 
* Quart. Jouru. Oeob Soc. vol. xliii. 1887, p. 83. 
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to Baggy Point. Thd lower part only would be washed by the 
waves, and the upper part would appear to be beyond the reach of 
any tide, and not in the way of an}' possible a(xrumulation of blown 
sand. But when the dunes were furthtjr forward they must have 
abutted, as now, against the liill at their north end, and the sand 
was blown up its flank as it is now near Saunton Court. 

Along the sandy roadway down to the shore from Saunton Court 
the wind often strips off ])art »)1‘ tlui sand and shows that the talus 
sometimes cr(;ej)s down over the dunes and sometimes is covered by 
the blown sand. So there are alt(;rnations of stony earth, sand, 
shells, &c. in the up])er ]>art, just as we see in ilie ancient cliff 
further west. 

It is easy enough to explain the slight, difference in tlie character 
of the sand in the old sand-clitf and in the more modern dunes. 
The newer sand consists more largely of comminuted shell, 'whereas 
the acidulated water ])ercolating from the hill-side Inis destroyed 
some of tin* slndl in the sand abutting against it and has thrown 
the carbonate of lime down again where it has bct*n (‘x posed to 
evaj)oration. 

That this ]>roces8 has beim going on is shown by tlio casts of 
shells found in the solidified sand ; and that the precipitation has 
taken place elsewhere is sliown by th(‘ hands of calcite a (juarier or 
half an inch thic.k which havi^ formed along some of the more open 
divisional planes, by the crystals of calespar whieh line some of the 
cavities w'here shells liav(5 been, and ]»y tin* seliditied masses of 
sand di'serihed ahovf'. 

t^o, 1 take it, this cliff of sand and angular stony d(‘1)ris on the 
shore south of Saunton Down and west of ^liddlo Borough is no 
raivSed beach, hut only th(‘ ran-of-th(‘-hiII or talus overlajijang and 
dovetjiiling into the top of the sand which was driven by the wind 
up the hillside when t lie sandy shore-line of Barnsta])le Bay stood 
a little further west, aud that the lower ])art of it, where the blown 
sand contains beds of shingle autl mariiu* sliells, is only the ])art 
whore the xvavos occasionally rushed over the base of the sand- 
dunes, aud does not extend above tlie height now washed by the 
sea. To put it shortly, what is above sea-levol is not beach, and 
what is beach is still within r(*ach of the sea. 

Resting apparently <hi the hare rock under this sandy deposit 
there are many largo boulders, most of them composed of the gritty 
beds in the Devonian. There are, however, now visible three other 
l)oulders, the original source of which is not so easy to determine 
xvith certainty. 

The first occurs about I mile west of Middle Borough. It is 
a great mass of yellowisli -white gneissose granite, the part ex- 
posed inoasuring some 8 x 6 X 6 feet. The surface is somewhat 
deconiiKiscd and exfoliates in places. The boulder is capped by some 
of the talus, not, it appeared to me, the original mass of which the 
cliff was composed, but only a portion slipped from it. 

The second bouldtw (fig. 51 occurs about halfway along the shore 
south of Saunton Down. It rises out of a little pool between the 
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jagged ridges of the rock just in front of a small alcove or cave in 
the western face of a portion of the sandstone cliff which runs out 
south from the hill. It measures about 4 feet across from corner 

Fig. 5. — Bo}fl(Jer of Grey Porphyry at ha.'^e of Cliff South of Snunton 
Down, North end of Barnstaple Bay (April 11, 1887). (Scale 
7-1 feet to 1 inch.) 



a, RcHvnt d, Piltoii I’eds. 

Boulder of f^rey i)orphvrv in 1 foot <d‘ wut..>r. 

• Consolidatod blown s‘uj(1. niodilii^d jif, by ncti ni of sea, with liiioa of 

sliinglo and tica-sliclls, and alti-rnatin;j; in upper part with talnw. 

to^corner of the irregular rhomboidal mass now ex})ose{l. On tlie 
south side of it a fold over of one of the lianh r ))ed8 has caused a 
stronger barrier than usual and probably determined the i)Osition in 
which it rested. 

This boulder consists of a grey porphyry much resembling that 
so common on Anuiig ; hut I slnmld be sorry to say that it could 
not have com(‘- from the felsite whicli occui\s at intervals for many 
miles at the base of tlie Tick well-1 )own Sandstone, as tlnit is ex- 
posed only here and there, and, Avhere seen, is so variable that wo 
may easily allow that there may l)e parts of it very like the Saun- 
ton boulder. 

The third boulder (fig. 6 ) is more like the Koss-of-]Mull granite 
than any other with which I am aC(}iiainted. It occurs in a cave 
eaten out by the waves in the very base of the sand-cliff, a short 
distance further east than that hist described. It rises out of some 
newly tossed-up shingle, and supports the roof of the ca%*e. From 
the levels observed outside, it is clear that it must rest on the solid 
rock. It is partly concealed by the shingle, so that exact measure- 
ments cannot he obtained. From what was exposed W'hen 3ir, 
Townshend Hall saw it he estimated that it must weigh between 
10 and 12 tons. 

Mr. Townshend Hall ^ thinks ‘‘ it is veiy^ doubtful whether there 
* See note t on p, GGG. 
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is any Tein of a similar colour and texture on Lundy Island, capable 
of producing a block of such magnitude. The nearest point of the 
Dartmoor (jlranitc is exactly 30 miles from Saunton, but any of a 

Fig. G. — Boulder of Bed Granite in haM of Anri eat Beach South of 
Saunton TJofcUy JSorth end of Barnstnj^de Bay ( A])ril 11, 1887). 
(Scale 71 feet to 1 inch.) 



a. Recent eliiuglc^. d. Pilton Reels. 

h. I»()ul(!er of ri‘(l granilo. 

c. CoiiHolidalod blown yand, modified :ii base by action of sea. 

red colour can only bo obtained in very few localities, and at a 
much longer dist ance.” 

The Kev. Dr. Williams^ was of opinion that it could not have 
come from Dartmoor or Cornwall, or Lundy, but that it resembled 
much of tlie granite of the (Iranijuaiis, 

The boulders all occur in caves or at the base of deposits now 
being washed by the sea ; in faid they would not bo seen at all 
if they wore not witliiii roach of the breakers which are under- 
mining the dills and exjiosing the original surface of the solid rock 
and tlie boulders which rest u]H>n it, so that it is clear that they 
may have been tosscnl into their jiresent position by the waves of 
the sea at its i>resent level. ^Jlie size of the boulders, and tlie height 
to which they have been thrown, is nothing for that western sea in 
storm ; all round the coast we find plenty of larger blocks caiTied 
higher. 

The character and mode of occurrence of these boulders does 
fairly raise the question wliether there arc any satisfactory traces of 
glaciation soutli of the Itristol Channel. 

Mr. Townshend Hall t remarks on this subject : — “ The great ice- 
sheets which in the Glacial Period covered the northern part of 
England mid Wales, arc not generally supposed to have extended 

* Trane. Geol. Soc, vol. v. p. 287 ; Proc. Geol. Soc. toI. ii. p. 441. 

t “ A Sketch of the Geology of Devonshire by Townshend M. Hall,” White’s 
History, Gazetteer and Directory of the County (Devon), Sheffield, 1878, p. IG. 
See also Ussher, Physical Features of Devonshire,” Trans. Devon. Assoc. Sci. 
Lit. & Art, vol. xii. 1880. 
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south of the Bristol Channel, and the characteristic furrows and 
scratches made by the friction of glaciers against the sides of 
valleys, so commonly met with in the north of l^iigland and Wales, 
have not yet been positively identified in Devonshire."^ ]iut he very 
fairly points out that “ if such markings ever w^ero formed, they may 
have been rapidly elFaced, owing to the soft nature of the slat^e, and 
the tendency of granite to become disintegrated on the surface.'^ 
He is of opinion “ that in various ]>arts of botli Dartmoor and 
Exmoor there are collections of stones and debris similar in every 
respect to those composing the moraines of modern glaciers, and 
valleys which have ovidentl)^ been sha})cd by glacial agency.*’ 

Mr. Ussher * is of opinion that there are traces of glacial action in 
Devonsbiro, and accepts the view" that the high-level beacli of Sauntoii 
Down }uid Croyde and other places on the coast of Devon and 
Corinvall sliow evidence of elevation, but refers th(‘m to an age 
whicli corresponds to the “ Interglacial Period ’’ of the north and 
east of England, but in Devonshire was not succeeded by any later 
glaciation. 

We must clearly distinguish between (u) a theory wdiich refers 
these dt‘posits to local glaciers originating within the area., as 
it is most iin])robal)le that any traces of sncli small local glaciation 
could rcTuaiu, and (/>) any hypothesis Avhicb refers boulders or clays 
to the terminal deposits, whether on sea or land, of the great ice 
mass, which we do know' gut down as far as the Bristol Cliannel. 

Mr. Doe t has recorded some boulders of felsito occurring at a 
height, of some 500 feet above tbo sea near (Ireat Torrington, but 
these are described as resembling some of the Elvans. 

Mr. Hall J further mentions that “At Waddeton Court, near 
Dartmouth, a group of New Hod Sandstone boulders are found re- 
posing oil the slate at elevations varying from 18 to nearly 200 feet 
above the level of the sea. At llarberton, near Totnes, also on a 
slate subsoil, boulders of a fine-grained trap occur at a lieiglit of 
about. DK) feet, and arc esjiecially notieealilc as being in some cases 
marked wuth parallel groovciS or scratches. Another group, also 
composed of trap, is situated at Druid, near Asldiurton ; and boulders 
of various sizes have been recorded as occurring in the parish of 
Bishop's Teignton, near Teignmouth, some iiOO feet above the sea.” 
“ Another instance of transported boulders occurs in the parish of 
Fremingtori, near Barnstaple, w'here boulders of traj) are frequently 
found on or near the surface of a thick hod of brown clay much 
used for pottery.” 

Dr. Slade King also informs me that a waterworn boulder of 
coarse grey .granite, weighing, say, 2 cwt., was found in a clayey 
deposit in draining a meadow on Bicklescombo farm, near Ilfra- 
combe, some forty years ago. It was round and smooth, and had no 
grooves or strije on it. Near it were found also, in the words of a 

♦ “ On the Chronological value of the Pleistocene Deposits of Devon,” Quart. 
Joum. Gkol. Soc. vol. xixiv. 1878, p. 440. 

t Rept. Committee on Erratic Blocks, Rept. Brit. Assoc. 1876, j). 110. 

f Op, cit. 
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man who saw them, “ some old stone things, hammer-heads and 
heads of spears, and such like/’ So it is probable that this boulder 
was in disturbed ground. 

Setting aside, then, any suggestion of icc-action arising out of the 
character and position of these boulders, there does not appear to be 
any satisfactory evidence of glacial conditions in Devonshire. Its 
deep combos toll of long continuous erosion by the streams which have 
cut their way back from the coast almost horizontally into the table- 
land, not vertically down from the tableland to sea-level. After the 
rapids or waterfalls wliere the work is going on have receded, the 
talus gathers in every hollow and on every ledge, and the enormous 
thickness of the raiiiwash and run-of-the-hill in Devonshire tells of 
long-continued subaerial waste. The thin laminm due to cleavage 
or bedding, or both, arc all, so far as I have seen, turned over down 
the slope by gravitation, and none curve over in unexpected direc- 
tions as if pushed by ice. There is nothing in the form of the 
ground or the character of the superficial deposits (saving alwaj^s the 
boulders in question) to suggest ice-action. 

The thick deposits of subaerial talus do not differ in character 
from those now being formed, and represent, not so much the 
greater intensity of the cold at some former period, as the greater 
length of time during whicli the surface has been exposed to the 
disintegrating effects of weather, just like what ]>rcvails there still. 

The brown clays and other similar deposits referred to by 
Mr, Hooker as })()ssibly of glacial origin are obviously not to be 
referred to the direct acitioii of ice. They are not, as they stand, 
Doiildcr-clays or true glacial deposits; and if tJiey arc only due to the 
destruction of old llouhku-clays, wo are opeming up another question, 
viz. How far oil wen* the lloulch^r-clays from which tlujy were derived, 
and to wh.it dmiudatioii can those brown clays be referred? Did 
it follow immediately iq)on the d(q»osition of the moraine or when ? 
It may he thaf^ Devon was under the sea during the ago of extreme 
glaciation in N.W. Euro])e, and received some of the marginal 
glac;ial deposits and emerged early, so that all traces have been 
destroyed. 

No one can tell how far back we must place the beginning of the 
subaerial denudation of this district. Nor have wo evidence to show 
what was the condition of the surface of the great Do^'on plateau 
when first it emerged from tlie sea. That no blocks from what 
were then granite islands should have been anywhere left upon the 
sea-bottom around them is improbable ; that no block from the 
central tors should have travelled down the ordinar)’ channels of 
denudation in later times is also contrary to our usual eisperience in 
such cases. Therefore we have no right to assume the existence of 
glacial conditions to explain the occurrence here and there of a 
block of granite or other rock of Devonshire origin over the area 
surrounding those rocks in place. 

If the red granite cannot have been derived from Dartmoor, 
where there are some beds of that colour, or beds which would 
probably in similar circumstances become of that deeper colour on 
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the outside — if the fclsite cannot be a harder, more solid fragment 
of the Bittadon vein — and, further, if they cannot have been derived 
from known or inferred submarine bosses of rock wdiich some 
believe furnished many of the boulders dredged up on the south 
coast of Devon and Cornwall ; if the great boulder of red granite 
on the shore below 8auntou Down must be identiliod with somo 
Scotch rock, and if the block of dark grey felsite should be referred to 
one of the Areuig ]>orph3 rics — that is on the hy})othcsis that these 
are north-country boulders-— must we assume loc{U glacial action 
to account for their occurrence where wnMiow find them? and if not, 
what explanation can we otfor of their being found in that district 
at all ? 

That tlioy owe their present position on the jagged rocks of the 
coast and under the ancient beach to the action of the w'aves of a 
sea at about the same level as at present seems almost certain, 
because there they lie half buried in th(‘ sliingle n'cently thrown u]) 
by the sea, and blocks as largo are hurled by the wavi's to much 
higher levels in many of the erec'ks and coves around tlie coast t; 
but wliore did the waves pick thtnu ii]) ? 

A glance at the ma]» will sliow that the district in question is 
just in the line of advance of the groat tongm* of ice that crept 
along the -west coast of Scotland and tlic Lake l)istrj('t, and ahutiing 
against the ice-clad coast of K(»rth W ales, was held back by it-, so 
that it was forced to turn roiind by Cbeshu’ on tbc east jiiul Anglesey 
on the west. .Part (jf its b'rminal morjiino onglit 1o found in the 
Irish Sea — at any rate, bergs from it must liavo iloalod off into the 
Irish Sea ; and there is nothing improbable in the idea that many a 
half-melted mass st'*andc(l otf the coast of D(jvou and hd't l)oul(ler8 
strewn over tljo sea-bottom around. I'liat tlio boulders were not 
dro])ped during a period of sulmicrgonct; wben; now found is shown 
by our never finding aiij' masses of drift, lint only isolated Idocks, 
and they all look sea-worn. Is or were they carri<‘d ashore o)i bergs, 
because tlioy are close up to a wall of solid rock whore a berg could 
not have lloated ill cm. 

Of course we must not attach any great winglit to the fact that 
they have no glacial markings, as we only see Ihcm at all because the 
waves have waslnul away the surrounding sand and shingle, and 
that might, have obliterated the strim ; but I think that any one who 
examines the blocks will allow that it is im])r(>bable that such is the 
explanation of the absence of all traces of ice-action. However, 
I will not lay much st ress on this point. 

Mr. Towiishend Hall records some boulders with grooves, though 
thej^ do not seem to have eommimded tliemselviis to him as un- 
doubtedlj^ of glacial origin. If these were striated Idocks, they still 

* Svirafmi^ ‘ A XarratiTe of tlie Building and a Description of the Con- 
struction of the Eddy stone Lighthouse with 8tone/ 1813. 

Godwm- Austen, Quart. Journ. Geol. Soc. vol. xi. 1855, p. 532; Hjid, vol. xii. 
1856. p. 38. 

Pridcausc, Tran.s. Plymouth Inst. 1860, p. 40. 

P&ngelly, Trans. Devon. Assoc, &lc. toI. ix. 1877, p. 182. 

t Sw Came, Trans, B, GeoL Soc. Cornwall, vol. iii. 1828, p. 222 et seq. 
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might have been thrown up by the sea under existing conditions of 
level, &«• Many boulders may be seen along the coast of JN'orth 
Wales and Anglesey, washed out of drift and knocked about along 
the coast, for a considerable distance before they have the traces of 
ice-grooving entirely rubbed out. 

On the whole, then, I would thus sum up the evidence : — 

The ancient bcacli of Saunton Down and Croyde is not a raised 
heach. The toj) is subaeiial talus, the middle part blown sand, the 
l>ase only marine ; and the marine part is not above the reach of 
the \vi]V(‘s of the soa at its prcjscnt level. 

'liie bonldcTs of granile and fclsito which occur at the base of the 
ancionf beach w^ere trans]»ort.(‘d to their present ])osition by the 
wav’os of the soa. Such as are of local origin could have reached 
the sea by the ordinary ])rocess of denudation; such as arc ]>ossibly 
of northi'.rn origin could have been carried dowui the Irish Channel 
on bergs and been tlirown up by the sea to where they w^oiild lie 
at any ])criod subs(U]uent to their being transported south by ice, 
but tliey do not in tbomselves impl}' any local glaciation. 
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40. INDIES on the Formation of Coal-seasis, as swjtfcsUd hy evidence 
collected chiefly in the Lei cesters hike and South DEunYsniRB 
Coal-fields. By AV. S. Gresley, Esq., F.Cf.S. (Hoad Juno 
23, 18S7.) 

[Abridged.] 

My principal object in this })aper is to bring forward evidence in 
opposition to the view now generally accepted that coal-seams 
were formed from vegetation which grew on the si)ot. 

It seems to ino that the yrotelh-in-sif tt tln^ory lias been, or is still, 
held by the majority of those who liave considered or written upon 
the question to be the right one, iiartly because the accumulation of 
the vegetable matter of coal-lieds liy driftage (qijxairs to be totally 
bej^ond our com])rehension, and jiartly (])robably eh icily) bc^eause wo 
have been told and led to believe that the uuderelays of coal-seams 
contain the Siiyraaria^ which were the very roots of tlie trees the 
remains of which constitute the bulk of the coal. 

During an extensive ex])erience in the midland district in connexion 
not only with coal-mining, but also with the working of the underbeds, 
the fireclays, both und(;rground and in opiaicast workings, 1 have 
had unusual opportunities of studying the relationship of the coal- 
seams to the underbeds, tlieir fossil contemts, «S:c. 

The various points for consideration may bo taken as under : — 

a. The relation of the tireclays to the coal-seams. 

h. Mode of occurrence of tStiy}n((ria in undcu’beds. 

c. Erect fossil tree-stems with attached roots. 

d. Lamination of coal-beds. 

€. The presmicc of boulders <S:c. in the iinderclays. 

/. The foreign bodies in coal-beds. 

(/. Marine fossils associated with coal-seams, brine, &c. 

a. It must not be concluded, because almost every coal-seam 
rests upon a stratum jiartaking more or less of the nature of a tin?- 
clay and enclosing iitiymarue and other root-like fossils, that such 
bods do not occur in other positions in the coal-mofisures ; for the fact 
is that they very frequently occur lying immediately on the top of a 
coal-seam, sometimes wholly removed from coal ; fir they may occur 
as very thin layers, often very irregular and locally distributed, 
entirely enveloped in the coal. The thickness of an nnderclay bears 
no proportion whatever to that of the coal-seam resting upon it. 
The thickest coal-beds often rest upon the thinnest clays, and the 
greatest development of fireclay wall be followed by the most meagre 
of coal-seams. I have also found it to be almost invariably the case 
that wdiero underclays come in contact with coal-seams there is a 
sharp dividing line, a true bedding-] danc, between the two ; we do 
not find the clay gradually changing upwards into coal, but the 
change from one to the other is most distinct, in fact the plane of 
stratification is often quite a smooth one. Precisely the same cha- 
racteristic obtains in the case of laminaj of clay running through the 
body of a coal-seam, i. e. where coal and clay are interstratified. 
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h. My experience is, that a considerable proportion of the tinder- 
beds do not; contain StUjmaria-roobi at all ; but that they seldom fail 
to reveal the presence of thin p:rass-like fossil markings, I admit. 

Very frefjuently tlie bod next below tlie undorliod is ciowded with 
Stigmarid^^ though not more so towards tlio upper Ilian in the lower 
part. In next but one below a coal-seam I have 

noticed sovtiral examijles of tliat fossil standing erect, in a manner 
showing them to have hei'ii in all jirobalulity inde])endent organisms. 
But when t^tigu'iarid‘ occur in tlie underclays tlie ri^sult of my inves- 
tigations sliows that they do not- pass ujiwards into the coal. Only 
once or twic<; have J detected anything like such fossil roots running 
from the coal into the clay below and lh(;refore my conclusion is 
that instances of this jilienomtmon are excei'dingly rare. On refer- 
ring to th(* writings of Binney, Brown, Dawson, De la Jhiche, Green, 
Hawkshaw, Les{[ucr('ux, Jxigan, JiVell, Ma,cfa,rlau(% NiehoLson, W'il- 
liamsoij, and others, 1 havt^ failed to discover in them one single 
description of an actual iHriui jhJe (uvct fOv<sil tree with its Stigmarian 
roots attached to it a ml hnhcddi'fl in Uie /TA^//,wlulst the stem en- 

tered or jiassed through the overlying coal-seam. Kow, simdy if coal- 
beds have been formed from trees and otluT plants whose roots grow 
in or penetratcul tin; und(U‘elays or so called old soils,” unmistakable 
indications of tluar fornu'r oxistenee ought to be ]>ros(‘ut in great 
abundaneo ; tlieso roots must, also have beiui more thickly matted 
together the lU'arer tht‘v ap]>roa.ched the coal ; and instead of there 
being, us Ibore is, a. most distiuei break ladween the bast' of a coal- 
seam and the uiiderhed, we should ex])ect to tiiid the one graduall}^ 
changing into tlie otluT, as is so fretjiKmlly exeinplitied in the 
junction of a ])eat-l)('d with tht^ clay lu'low it, wlioro the roots can 
be clearly seen communicating with the vegetable mass above. 
Had instances of ^Stiguiarlit aeiiudly trending Ji’om the coal into the 
uiulerhcd been met with, we should uiidouhti^dly liavi^ been long since 
furnished with exact particulars, locality »S:c., of such discoveries f. 
Stigtnarid JiC(diles, tlu*u, so far as luy invt'stigatioiis liaA^e gone, does 
not occur in the underclays as the fossil rootn tf iras, hut rather, 
it would seem, as ])lauts sid gaieris. 

c. It would si*em that the very significant fact of erect fossil tree- 
stems with -roots attached ia iiila being of so exceedingly 

rare occurrence just- wlu're tluw ouglit to lie most common, namely, 
immediately below the bottom of a coal-seam, must obviously upset 
the theory which has boon based ujxm the inference that because coal 
is probably largely made up of tlie remains of forest trci's whose roots 

* At tho fireclay iniaes of Messrs. Eusor & Co., on Ashby Wolds; also at 
Aldridge Colliery, Walsall, whore I am informed that SfN/ijiaria penetrated a 
coal-seam and extended into the floor below. The roots in this instance pro- 
ceeded from an erect fossil stem standing upon a .‘hfoot bed of coal. — W. S. G. 

t Moreover, even eui^posing for a moment that tlie roots of tlie coal-forest 
trees, Ac., did really grow in tlie underbeds, by what possible subsequent process 
can all the carbon liave become concentrated at tine exact level, namely, where 
the clay ceases and the coal-seam begins ? Nt>t a single example of a fossil tree 
(so far as I know) has ever been met with in whicJi the roots were composed 
of clay or sluile, and the stump of coal. 
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are the Btigmaricc^ it is almost proof positive that thtisc trees grew 
on the spot, because we find the same kind of fossils in the undcrclays. 
When erect fossil stems or stools of trees are mot with, thej’ are 
generally either resting upon or at no great distrinco above the tojis 
of coal-beds, though the largest and most perfect (‘xamples of such 
fossils have occurred in beds far removed from coal The absence 
of them in the underclays is conclusive evidences that they very 
seldom if ever grew there ; and the fact of their very rare occurnaico 
in the coal itself further strengthens the argiinient against a growth- 
hi-situ formation of coal, at all events from trets. And when wo 
find, as we do, impressions of the bark of large trees u})on the base 
of a coal-seam next to tlie underclay, it is clear that the vegetable 
matter was transported from a distance. 

d, Does a vertical section of a coal-seam afford any clue to the 
way in which it was accumulated ? It seems to m(‘ that when wo 
find that the structur(‘, from top to hottom, is strictly a laminated one, 
that every layer, division, “bench/’ or what not, and (very line or 
film observable in the “grain’' of coal lies paralhd to the plane of 
the seam, there is not a tittle of evidonee that Ihc^ eoal-forming ])la.nts 
grew on thes[)ot. Take a sample of coal from wliatever locality you 
will, and from any part of any eoal-seam, and its characteristic 
grain or lamiiuu will be seen if carefully looked fur. 1 liave never 
yet in all my exjicrii'iice detected or heard of morci than one or 
two npright forms of fossil stems (?) in coal ; and 1 maintain that 
if trees grow in large (juantities wluue the coal-lxMls now are, their 
erect remains would liavc material]}' intoHere^d with the? parallelism 
of the coal as (?xisting. That juevexisting interrnjdions in this 
universal lamination can have since botm obliterated by i)r(^sBure or 
by metamorphism seems bigldy im])ro])a])h‘. The growth-in.-aUu 
difiiculty would also seem to be increase d wluui we bear in mind that, 
spreading over very large areas of some of our coal-fields (measured by 
square miles in extent), there are consjdcaious and comparatively thick 
laj’ers of s])ore-coal, consisting almost wholly of macrospores, every 
one of which lit's horizontally. Whore, it must bo asked, are the 
remains of the stum])s ot the trees from w hose branches t]ies(‘ myriads 
of seeds or sced-cast's were shed ? A satisfactory ex])] a nation of tho 
cause or origin of the ])erfect lamination of coal, and of the phe- 
nomena of “ partings ” or distinct bedding-planes by wdiich so many 
seams of coal are divided and subdivided, and of the insinuation of 
thill layers of clay into the seams, has yet to })e giv(‘n. 

e. Occurring occasionally in some of tho underclays in Leicestershire 
and South Derbyshire are weli-w'orn boulders and j>ehhl(;s of quartzite 
and quartz w'hich have been transported from a distance t* 

But besides boulders and the fossil Stigmorio', the fireclays some- 
times contain fragments of the stcans of tree-ferns, leaves, and other 
plants of a peculiar nature ; AnthracosuH also have been noticcid 

* I refer particularly to the “fotjsil trees" recjtaitly found at Clayton and at 
Bradford, Yorks. — W. S. Ct. 

t In the unclerbed of the Coalburg eeain in West Virginia, U.S.A., rounded 
quartz-boulders have been found. 
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associated with ^tifjrnaria hetween two coal-seams And thus it 
would appear that the underclays were probably not the old land-- 
surfaces which su]>ported the coal-forests, but were true aqueous 
deposits. 

/. Actually imbedded in coal itself have been found numerous 
quartzite boulders very similar to those found in the underclays, and 
th(‘8e have turned up in many parts of England as well as on the 
continent. Other foreign bodies in coal-seams consist of tho remains 
of aquatic mollusca, fisli, &c. t. 

(j. That marine conditions prevailed, if not durhaj the accumulation 
of many of our coal-beds, certainly iminedmtely afterwards, is clear 
from the abundancje in the roof-shales of the seams of fossils 
which must have had a salt-water habitat, and also from the fact 
that brine is so fro(|ucntly mot with in the pores of the coal itself +. 

In conclusion, then, my contention is, that, notwithst.'inding all that 
has been written on the <^oal-(|U{^8tion, up to the present time no 
facts have been brought forward which can in any way show that 
the plants forming coal-seams actually grew in situ, but that what 
evidence wo do possess decidedly favours a drift- or, at all events, 
ail aqueous origin. 

* At ColcortoTi Oollicry, nmr Ashby de la Zoiich, tbo author found this shell 
betwoon tlu* “Lount. Midiilo” and the ‘^Tjount Nellior” coal-seams. 

t .Frojii the “Main,” tlie “ Caiinel,’’ and other seams of tho Leicest^jrshiro 
.coal-field. 

% The “Main” coal-seam of Moira, in the Leiceslcrshire coal-field. 
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47. Further Observations upon IlYPEROUArEDON Gordoni. 

By Prof. T. H. Huxley, F.ll.S., F.G.S. (Head May 11, 1887.) 

[Plates XXVI. & XXVII.] 

It is now twenty-nine years since, in describing those remains of 
Stagonolepis lloherUoni from the Elgin Handstones which enabled 
me to determine the reptilian nature and the crocodilian affinities 
of that supposed fish, 1 indicated the occurrence in the same beds 
of a Lacertilian reptile, to which 1 gave the name of Jhjperodttpt don 
Gordoni, I laid stress upon the ‘‘ marked affinity with certain 
Triassic reptiles ’’ (e. g. Blnfnvlioatturm) of IJi/jnrodapedon, and I 
said that these, “ when taken together with the resemblance of 
Stagomdepis to ^lesozoic Grocodilia/’ led me “ to recjuire the strongest 
6tratigra])hical j)roof before admitting the Palaxizoic ago of the beds 
in which it occurs 

Many Fellows of the Society will rememlaa* the prolonged dis- 
cussions which took jdace, in the course of the ensuing ten or twelve 
years, before the Mesozoic age of the re])tiUferous sandstones of 
Elgin was universiilly admitted. JJgjx rodnpidon was destined to 
play no inconsiderable part in the controversy. 8ome ten years 
after the discovery of the original sjiecimen, remains referable to 
the same genus were found in strata of unquestionably Triassic age 
in Gentral and Southern England ; and, about tlu^ same time, I 
recciv’od abundant evidence of the occurrence of Jfggero<l<qyfdon, 
associated -svith Hicynodonts, Crocodilia, and Labyrinthodonts, in 
certain Indian rockr; which, on other grounds, were strongly sus- 
X)ected to belong to the oldest Mcsoz(»ic series. An account of these 
new materials, together with a full descripljori of the original speci- 
men of ITyperoditpedon, Avas read helbrc the Society and published 
in the ‘ Quarterly Journal" for 1801) f. 

Unfortunately the type speeimen, now in the Elgin Museum, was 
in very bad couditioTj ; and thougli, by careful study of tlio fossil 
itself, it was possible to make out all the most im])ortant features 
of the skeleton, the Avork of the artist employed to figure it turned 
out so unsatisfactory, that 1 abstained from puljlishing the two 
plates which Avero prepared for the Memoirs of the Geological Survey, 
thinking it wiser to Avait until better materials should make their 
appearance. My discretion has been justified by the event, as a 
second specimen, of almost exactly the same dimensions as the first, 
was discoA’ered in the Lossiemouth Quarries, and l>ceame the ymo- 
perty of the British Museum some time ago. It has been worked 
out with a skill which my old experience of the nature of the matrix 
of these Elgin fossils enables me fully to appreciate, by Mr. Hall, 
and my friend Dr. Woodward has been so good as to place it in 
my hands for description. 

* Quart, Journ. Geol. Soc. vol. xv. 1859, p. 469. 

t “ Ou Hyperodupedon,^* Quart. Journ. Geol. Soc, 1869, vol. xxv. p. l.’^S. 



The present Hpeciincii of lhfp('rodape(lon Gordonihui^ been ex])oscd 
by the si:)litting of a lar^e block of sandstone into two slabs, along a 
plane which corresponds roughly with that of the im])edded skeleton. 
I. have no information resj)Ociing th(5 relative ]K)siti<)n of these slabs 
in the rock before it was <iuarried ; but, sup])osing that slab which 
contains the hirger part of the skelet-on and the entire skull to have 
been uppermosl, the animal lay flat upon its Ixdly with its limbs 
standing out, very much as those of a dead Lizard ordinarily do, wlicii 
it was Iniried in the sands of the Elgin shore. The skull, the verte- 
bral column as far us the root of the tail, slightly curved towards 
the right side, almost the whole of the bom^s of the i(d‘t (and part 
of the right) fore limb, with those of the right hind limb, are pre- 
served in almost their natural ndations. 

Th(5 following table givi's a vi(‘W of the ac^tual dimensions of 
IJjf 2 )erodapaloii and of the proportions of its parts compared with a 
specimen of : — 

MeasuvemcHts^ in millimetres, 

Hi/lifvodapeihtn. Splimodcm, 

Total length (Prohahly over UOOO) 460 

End of i)rem}ixilla to end of 

second sacral vertebra OtK) 208=(4*5:1) 

Skull, end of ijremaxilla to edge 

of occiput IGO o5=(i3 : 1) 

Skull, greatest breadth of the 

occipital region 210 34 =(7:1) 

Total length of humerus -j- 

radius 210 56=(4 : 1) 

Total length of femur -f tibia . . 2U0 60 = (3 : 1) 

Supposing the tail of Hyperodapedon to have been as long in pro- 
portion as that of JS^jTumodon, this specimen will have had a length 
of between six and seven feet, or rather more than four times as long 
as the specimen of JSphenodo7i, Hence it would appear that tho 
* Loc, cit, p, 147. 
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ekull and the hind limbs were relatively shorter in the extinct reptile, 
hnt otherwise it must have had much the general aspect of its New- 
Zealand ally — only, as I shall have occasion to point out more fully 
hy-and-by, the skull was relatively much broader and more massive 
and the feet were shorter and stouter in IJt/ 2 )erod(i 2 ndon, 

There are certainl)^ 23 praBsacral vertebrae in Htfperodapedon^ 
perhaps 24, but I think not more ; Splienodon has 25. In both 
genera there are two sacral vertebrae. 

In the first specimen, such of the thoraco-lumbar vertebrae as were 
preserved were split through the middle vertically and longitu- 
dinally. The sections of the centra showed that they were well- 
ossified throughout, and they a])peared to be termin.'ited by slightly 
concave contours. In the present specimen, the ventral faces of the 
cervical, and of some of the anterior thoracic, vertebrae are exposed 
and are almost uninjured; but from that which 1 reckon to be the 
13th (though it may be the 14th) to the 2(>th, they are split horizon- 
tally and longitudinally^ the dorsal halves lying in the upper slab 
and the ventral halves in the lower. The 21st, 22nd, and 23rd are 
similarly split, but they are much injured. Now the ends of several 
of these centra, notably tbe 13th, llth, 18th, and 20th, pi’esent 
a sectional contour, which in front is more or less convex ; wliile 
behind it is similarly concave. The anterior ends of tlu^ centra 
of the 4th (cervical) vertebra and of the 10th and 11 th (thoracic) 
vertebra) appear to ho strongly convex from side to side and their 
posterior faces corrcsj)onding]y concave. Comhiriing these appear- 
ances with those seen in the lonjiitudinal section, I can only sup])Ose 
that the surfaces must hav(5 been slightly cylindroidal, convex from 
side to side in front, and concave in the same direction behind ; 
and thus that they approximated, though very distantly, to those of 
ordinary birds. 

The remains of the slightly’ disjdaced atlas (Platci NXYI. fig. 7) 
are seen immediately behind the skull. It has the form of a ring 
20 millira. wide and 20 niillim. in vertical heiglit. Traces of the os 
odontoidcum arc visihh; immediately’ in front of the ventral ])ortion 
of the ring, which lies horizontally’, with its ventral i-ogion turned 
backwards. The front half of the second cervical vertebra is 
broken away’, but its centrum a])j)ear8 to have been about 20 millim. 
long. The ventral faces of the tliird and fourth are well displayed. 
Each is about 20 millim. long and 17 millim. wide at the ends, 
hut not more than 13 millim. at the middle. Dn each side of 
the anterior end a short broad tubercle, which represents the 
transverse process, is developed. I can find no indication of the 
existence of iiitcrcentral ossifications. Each vertebra possesses a 
pair of strong ribs (I’late XXVI. fig. 8). These lie at the sides 
of the centra of the vertebra) and jiarallel with their length ; so that, 
at first sight, the cervical region has a crocodilian look. The first 
rib on the right side is well seen. It is a straight styliform bone, 
40 millim. long and 3 millim. wide. On its dorsal side, and, more 
or less liidden by it, lies the second rib, the remains of which have 
about the same width and length. However, neither of these ribs 



The fifth cervical vertebra is almost completely hidden under the 
shoulder-gird] e, })ehind which a vertebra makes its appearance, 
which I take to be the 9th, though it may be the 10th. The cen- 
trum of this vertebra is 20 millim. long, 25 millim. wide between 
the ends of the transverse processes in front, and 1 7 millim. wide 
in the middle of its length; and the centra of the three vertebrae which 
follow it have similar dimensions and a.])pear to have concave posterior 
faces. These vertebrae have strong hut short transverse processes. 
That of the 1 1th vertebra, on the right side, shows a rounded surface 
for the articulation of the head of the rib. The vertebral end of this 
rib is also well dis])laycd ; it is broad, measuring 20 millim. from its 
dorsal to its ventral margin, wdneb is concave and thick, while the 
dorsal margin is thinner and convex (Jdate XXYI. fig. 9). The 
vertebral end of a similar rib is visible on the right side, close to the 
10th vertebra, and there are loss w^cll-preservod remains of others. 
These ribs are very similar to the corre8])onding ribs of Sphenodon, 

Nearly the wliolo length of the rib which bdongs to the 12th or 
13ih vertebra is shown : it is about 12 millim. broad, fljiltened 
and truncated at the sternal end; it measures 153 millim. along 
the chord of tlio arc of its curvature. The vertebral end is not 
completely exposed. 

A thin fiat plate of bone, 20 millim. long by 14 millim. wddc, is 
seen on the right- side, overlying the. remains of two vertebral ril)3, 
opposite the j 4th vortcibra. I suspect that this is a “ ])i-ocessus 
uncinatiis^’ such as those which occur in SpJieaodon, The position 
of the skeleton is unfavourable for showing such bones, if they were 
preserved, and they would rcuidily become detached. Portions of 
eight ribs, in undisturbed series, corresponding to the vertebne from 
the ISth to the 22iid inclusively, are seen on the right side. It is 
possible that these may bo the ends of vertebral ribs ; but I iucline to 
the supposition that they are sternal ribs, because the inner trun- 
cated end of each is in close relation with a bundle of five or six lateral 
abdominal ossicles, of w^liich the central ossicles in each bundle are 
nearly straight, while the anterior and posterior describe ollij)tical 
curves. If these are really sternal ribs, they are ver}’ different, in 
form, from those of Sj^Jiemdon^ . It is by no means easy to 
arrive at a clear notion of the nature and arrangement of the abdo- 
minal ossicles, which extend over the ventral surface between the 
sternum and shoulder-girdle in front, and the pelvis behind. In 
front there is an area covered by ossicles of a V shape, the point 

* Dr. Baiir has staled that tlio abdominal ossicles of Sphrnodon are con- 
nected by ligament in pairs with the sternal ribs, but I have not yet been able 
to satisfy myself of the fact. 
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of tho V being turned forwards. The most anterior two of tlieso 
are 4-5 miUim. broad in the middle ; but, behind, they become 
narrower in the middle and taper off to mere threads of bone at 
their outer and posterior ends. This area of V-shaped ossicles can 
be traced back for 90 millim. and is fully 120 inillim. wide. Between 
the 15th and 20th vertebrse, narrow and nearly straight bands of 
bone appear to extend across the abdominal wall, and either to end 
in, or b(i connected with, the lateral ossicles already mentioned. 
The width of the area occupied by the abdominal ossicles, in this 
region, is not less than 220 millim. In front of the right pubis 
there are three broad curved plates, the inner ends of which turn 
forwards, and which fill up the space between tho pracpubic process 
and the position which would be occupied by the e]>ipiibic cartilage, 
if such existed. Tho ]) 08 terior abdominal ossi(des in Crocodiles are, 
as is well known, closely connected with the puhis. Sjylicnodon 
requires re-examination in relation i,o this point. 

The sacral vertebrjc are, unfortunately, much injured ; but the 
centrum of the first (Plato XXVI. fig. 10) appears to he amphi- 
coelous, the convex i)ostorior fVico of the 22rd (or 24th) centrum 
fitting into it in front, and the convex anterior face of tho second 
sacral fitting into it behind. 

The rib of the first- sacral vertebra measures 18 millim. trans- 
versely, and its expanded outer end 23 millim. 

In the form of the articular surfaces of the centra, in the great 
dovcl()])mcrit of the cervical ribs, and in the absence of interceiitral 
ossifications, the skeleton of the trunk of Jlyperodapi^don departs 
from ^j>heno(loii more widely than in any other particular. 

The skull has been completely detached from the matrix, and all 
its most important characters are lieautifully dia]>layed. 

Viewed from above (Plate XXVI. fig. 1), its contour jircsents tho 
form of a broad-based isosceles triangle. The bjise, rc])re8ontod by the 
occipital rt^gion, measures 210 millim. ; while the distance from tho 
centre of that region to tlio rounded ajiex, formed by tho conjoined 
premaxillar}’^ hones, is 100 millim. The hinder moiety of tlie dorsal 
region of tho skull displays the great supratemporal fosstc (.s*.^), which 
arc somewhat rounded (50 millim. wide and 5S millim. long), and are 
separated by the relatively narrow parietal region of the skull (20 
millim. wide), which ])rcseiits no i)arictal foramen. In the front 
moiety, the orbits (or.), of a half-oval shape (50 millim. long and 
30 millim. wide), are separated by the broad frontal j)ortion of the 
skull, which is 40 millim. wide. In front of these, agahi, and of the 
broad and short nasal bones, is the single anterior nasal aperture (cr.n), 
which is triangular, with the apex forwards, and is 20 millim. broad 
by 24 millim. long. In the living animal, this opening would have 
been divided into two by the nasal septum ; but, no doubt, this was 
entirely cartilaginous, and hence, in the fossil, the aperture appears 
single. Laterally, it is bounded by a strong ascending process of 
each premaxilla. 

In this respect there is a very marked difference between 
Hyjyerodapedon and Sphenodon, In the latter, the median end of 
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each premaxilla sends up a broad and strong process, which, united 
with its fellow, ascends in front of the nasal septum to the nasal 
bones and thus the two nasal aimrturos become widely separated by 
bone ’ Laterally, on the other hand, the premaxiUae are united with 
the maxilhc by a short process, which has no ascending branch. 

In Ilifperodapedun, as in Sphe»odon, the median end of the oral 
face of each prcmaxilla is elongated downwards into a recurved 
process (Plate XXVI. figs, 2. 3, 5, r.p ) ; and the two processes, 
closely applied together by their inner surfaces, form the beak, or 
rostrum, in which the upper jaw terminates. In Sphemdon, 
these rostral processes are broad and flattened from before back- 
wards Their broad truncated ends descend but little beyond 
the dentary edge of the mandible, when the mouth is shut, and 
present two tooth-like eminences. Moreover, their inner sides, 
closely applied through the greater part of their length, diverge 
so as to leave a median notch below. In Ili/perodapedon, the 
rostral processes are thick and semicircular in section, the inner, 
mutually applied, sides being flat and the outer faces convex. Each 
tapers to its extremity, and the apices of the two are conjoined to 
form the sharp conical extremity of the beak. The rostrum, as a 
whole, is much more curved thau in SpJiettodon, and^ descends far 
lower in front of the mandibular symphysis. There is no dentary 
substance upon any part of the rostrum of Hyperodapedon ; and the 
aspect of its external surface leads me to believe that it was coated 
with a horny sheath. 
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into which the mandibular teeth are received. The palatal and 
maxillary teeth of opposite sides are separated by the widest part of 
the palatal area, formed by the pterygoid bones in the middle, and 
the palatals at the sides. The long oval posterior nares are wide 
nnd conspicuous, occupying, as they do, the greater part of the space 
between the anterior end of the palatal series of teeth and the 
premaxillary rostrum (see fig. 6, p. 683). 

In llyperodapedon (Plate XXLVI. fig. 3) the alveolar edges of the 
maxillflc describe a curve which is strongly convex towards the middle 
line, and correspondingh- concave outwards. Their i^osterior ends are 
very far apart, but in the anterior halves of their extent they approach 
so closely as to leave only a narrow palatal area. At their anterior 
ends they again slightly diverge. Behind, three longitudinal rows 
of obtusely conical teeth are set between the groove for the man- 
dible and the outer margin of the maxilla, but only one of these 
rows is continued forwards along the anterior half of the length of 
the maxilla (see fig. 4, p. 683). 

The space included between the mandibular groove and the 
eurved posterior boundarj" of so much of the dentigerous area of the 
palatal bones as is left visible in the specimen by the dislocated 
mandible is occupied on each side by four rows of obtusely conical 
teeth, which take a direction roughly parallel with one another and 
with the series of maxillary teeth. Only one of these series of teeth 
is continued forward alongside of the single part of the scries of 
maxillary teeth. 

The palatal bones are undistinguishably united, cither with the 
pterygoids, or over them, in the anterior narrow part of the palate, 
which ends in a semilunar margin, concave forward. The space 
between this and the posterior face of the root of the premaxil- 
lary beak is, for the most part, filled by a broad plate of bone 
which represents the vomers. The posterior nares must have been 
very small ; but, on the left side, between a concave edge of this 
vomerine plate, on the inner side, the premaxilla, in front, and the 
maxilla, externally, there is a small aperture, which I take to be the 
posterior nasal opening (Plate XXVI. fig. 3,^.n). The articular con- 
dyles of the quadrate bones are elongated from side to side, and i)resent 
cylindroidal surfaces. They lie about 25 millim. behind a vertical 
line drawn from the occiput, when the roof of the skull is horizontal. 

In SpJienodon (see fig. 3, p. 682) the rami of the mandible appear 
nearly straight in the greater part of their length, both in the lateral 
and the ventral aspects. In the latter, their ajiterior ends present a 
sudden incurvature towards the symphysis, which is not longer than 
in ordinary Lizards ; and, as in them, the union of the rami is effected 
by ligament. The contours of the alveolar edges of the rami have 
an iipward concavity, which is so slight as to be hardly perceptible ; 
and, viewed from above, they form a narrow arch '^|^h nearly straight 
sides. The inner and superior angle of the sym^ysial end of each 
ramus is separated by an interspace from its fellow, above the sym- 
physis. The surface of the ramus at this part is tooth-like in 
aspect, from the density of the bone of which it is composed. 
Externally, just where the bent portion of the ramus passes into the 
Q.J.G.8. No. 172. 3 a 
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Figs. 1~6 . — Diagrammatic views of the Skulls of Hyperodapedon, 

'proportions 


Pig. 1. — Skull of Hyperodapedon^ side view. 



Pig. 2. — Incomplete SkuU of Jihyachomiirus^ side view. 



Pig, 3. — Skull of Sphenodon^ side view. 



straight part, there is a strong conical tooth, the base of which is 
imbedded in the substance of the ramus. This is followed by a 
series of distinct, acutely conical, teeth (also ankylosed to the jaw) ; 
these increase in size backwards up to the last three, which gradu- 
ally diminish. The anterior six or seven of these teeth are very 
dose set, but quite separate. 

In Hyperodapedon^ the mandibular rami are extremely massive, and 
are ankylosed together in front, throughout their long symposia 
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HliyncliosaiiriiB, aiic? Sphenodon, illustmting the variations in their 
and form. 

Fig. 4. — Skull of Ilyperodapedony under view. 



Fig. 3. — Skull of Bhifuchosaurus, under view. 



Fig. 6. — Skull of Spheoodoii^ under view. 



(Plate XXYI. fig. 4). The anterior and superior angle of each is 
prolonged into a rostral ” process (r.m\ which passes upwards, out- 
wards, and forwards. The two thus leave a wide V-shaped interval, 

a A 2 
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Measurements of parts of the SJcull of Hypcrodapedon in millimetres. 
Nasal aperture, 27 long by 24 broad at the base. 

Orbit, 48 long, 35 wide. 

Narrowest i)art of interorbital region, 40. 

Supratemporal fossa . . 50 long, 45 wide. 

Parietal region 20 wide. 

Lateral temporal fossa . 23 wide, 41 in perpendicular depth. 

Premaxillary rostrum . 25 thick at the base from before back- 

wards. 

„ „ 30 broad from side to side. 


„ „ 35 in a straight line from base to apex. 

Extreme width of dentigerous area 93 

„ length „ „ 82 

Width of alveolar face of jiosterior end of maxilla .... 14 

,j 5 , ,, palatal .... 24 

Diameter of the bases of teeth 3 to 4 


Length of symphysis of mandible 56 

Breadth of middle of symphysis of mandible at narrowest 1 
between the anterior parts of the dentary edges . . . . J 

Depth of the rami at this part 30 

Length of each half of the mandibular rostrum from base. 20 
Greatest depth of ramus from the dentary edge to the 1 . - 

lower border j 

Total length of ramus, probably 190 

Posterior nares 6 wide by 4 long. 
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Fig. 7 . — Hyperodapedon Oordoni, Fig. 8 , — Hyperodctpedon Gordmu 
Mr. Grant’s specimen. Mr. Grant’s specimen* 

Left side. !Riglit side. 



r.w. 


Dr. Woodward has afforded mo the opportunity of examining a 
very instructive, though fragmentary, specimen of the fore part of the 
skull of a large Hyperodapedon^ the x>roperty of Mr. Grant, of Lossie- 
mouth. The premaxillary rostrum is nearly entire and in connexion 
with the facial bones, as far as the anterior boundary of tho orbit on 
the left side. The anterior end of the left ramus of the mandible, with 
its rostral process nearly entire, is almost in place (tig. 7), and on the 
opposite side of the matrix there is the almost complete impression of 
the right mandibular rostral process (fig. 8). Moreover, a cast of the 
outer surface of the left rostral process of the prernaxilla is preserved 
in one of the halves of the matrix. The loft rostral process itself is 
quite free, and can bo lifted out and examined on all sides. In- 
cluding the anterior extremity, of which only the impression remains, 
it is 57 millim. long, 23 millim. deep, and 13 millim. thick at its 
proximal end. The anterior face is more strongly curved than the 
I)Osterior, and somewhat flattened, and it is rather obtusely pointed at 
its free end. The inner face is flat, and was evidently closely applied 
to that of the opposite rostral jjrocess in the greater part of its extent ; 
but, in the course of fossilization, a thin layer of matrix has been 
interposed between the two. About the ijosterior third, the inner 
face of each rostral process slopes sharply outwards, and the upper 
margin becomes rounded as it bounds the external nares. Both the 
inner and the outer surfaces of the bony substance of the rostral 
processes are marked by fine close-set longitudinal grooves, and the 
surfaces of the rostral processes of the mandible present similar 
markings. 

The convex face of the loft premaxillary rostral process fits closely 
into the concavity of the cast, to which I have referred, and presents 
fine longitudinal ridges which answer to the grooves on the surface 
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of the bone, I conclude, therefore, that the soft parts and any homy 
wheath that may have existed must have decomposed and left the 
bone bare before the sandy matrix set round the imbedded skeleton. 

Of the bones which enter into the composition of the shoulder- 
girdle of Hyperodapedon^ the specimen presents remains of the 
interclavicle and the clavicle, the coracoid, and the scapula. The 
interclavicle is a long narrow bone, thin and spatulate towards its 
posterior end. The anterior end bends somewhat sharply towards 
the dorsal side ; but the shape of its extremity, and whether it was 
provided with transversely elongated lateral processes or not, cannot 
be ascertained. On the left side it is in connexion with a strong 
and long curved hone, which is obviously a clavicle. Nothing more 
than the edge of a bone which I take to be the scapula can be seen, 
but the left coracoid is well preserved. It is a cheesecutter-shaped 
bone, with a broad blade and a comparatively narrow neck, which 
widens out agaiti to the glenoidal extremity. 

In Sphenodon, the anterior end of the interclavicle is not bent 
upwards, and is produced into two strong transverse arms, with which 
the clavicles are articulated. The scapula and the coracoid very 
early became tin distinguish ably united ; while, in Hyperodapedon, 
they ai)pear to have remained, as usufil, separate. 

The princifail bones of the loft fore limb are seen nearly in their 
natural relations (Plaio XXVI. hg. 11). 

The humerus has a widely expanded proximal end of a rhomboi- 
dul shapci. In the middle, the shaft is rounded for a short distance 
and then expands into the broad and thick distal end, the ventral 
face of which presents a deep iiitercondyloid fossa. On the inner 
side there are indications of a “ median ’’ canal. The ulna is stout, 
with a prismatic olocranar promineuce, and is somewhat curved longi- 
tudinally so as to be concave to the interosseous space. The radius is 
more slender and nearly straight. 

The structure of the car])us is not recognizable. The five meta- 
carj)als arc preserved in various conditions of completeness. The 
most remarkable feature about them is that they do not seem to 
have differed to any not able extent in length (17millim.) ; but while 
the first, second, and third are pro])ortionally very broad (about 10 
millim.), the fourth has a width of not more than 7 millim., and 
the fifth of 5 millim. 

The humerus, radius, and ulna in Sphenodm^ though more slender, 
are very similar ; but the ulna is longer in proportion to the radius ; 
the first metacarpal is considerably shorter and at the same time 
thicker than the second, while the second and fourth are a little 
shorter than the third, and the fifth is about as long as the first ; 
and all have much slenderer proportions than those of Hyperoda-- 
pedo^h The fore foot of the extinct Li/ard must in fact have been 
remarkably short and thick in its proportions. 
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Measurements of the Shoulder^/irdle and Fore Limb in millimetres. 


Interclavicle, length 

Hyperodapedon. 

Sphmodon. 

31 

90 (about) 

„ greatest width .... 

17 

3 

Clavicle 

Coracoid, length 

100 (about) 

58 

20 

„ breadth 

42 

11 

Humerus, length 

lao 

33 

„ width at proximal 

end 

02 

11 

„ „ at distal end . . 

9 

11 

„ shaft in the middle. . 

20 

2*5 

Radius, length 

74 

20 

„ width, proximal 

20 

4 

„ „ distal 

13 

4 

Ulna, length 

74 

25 

„ width, proximal 

30 

5 

„ „ distal 

20 

5 

Metacarpals : — 

i.'i 

, , 

0’5 

ii. 1 

, , 

9*5 

iii- ^ 

17 

11*0 

iv* 1 

, , 

10*0 

V.J 


(>•0 


The right half of the pelvis is exposed : hut the pelvic houcs are 
a good deal crushed, aud it is difficult to arrive at an unquestionable 
interpretation of the appearances they present. There is no doubt, 
however, as to the position of the obturator foramen, bounded in front 
by the pubis and behind by the ischium. The former bone (PI. XXVI. 
fig. 12, ph) is transversely elongated, and somewhat narrow in the 
middle ; it widens out at both ends. At the inner extremity it is flat 
and thin, and presents a convex symphysial contour. At the outer 
extremity it is developed forwards into a strong prepubic process 
and backwards into a thick acetabular portion. The bone is there- 
fore quite Lacertilian. The thick acetabular portion of the ischium 
(Plate XXVI. fig. 12, is) is in connexion with that of the pubis, and 
the concave obturator margin of the bone can be well made out. 
The difficulty is to say how much of the mass of bone which lies 
behind this point (.r, fig. 12) belongs to the ischium and how much to 
the ilium, which seems to be crushed down ux)on the ischium. If, 
as appears probable, the posterior contour of the ischium is indicated 
by the curved depression (a a, fig. 12), the ventral half of the pelvis 
will be quite like that of ordinary Lizards, and the rest of the bony 
matter belongs to the ilium. On the other hand, the form of the 
ischium in llhynchosaurus rather leads to the supposition that the 
ischium was expanded inwardly and prolonged further backward, so 
as to be unlike that of SphenocUn, 

The chief bones of the right hind limb (Plate XXVI. fig. 12) are 



There are indications of five metatarsals, only three of which are 
represented in Tlato XXVI. fig. 12. They increase in length from 
the first to the third, if not to the fourth. The first is 17 millim. long, 
the second 35 millim., the third 4r> millim., and each lias a breadth of 
about 10 millim. Of the fourth only an imperfect impression of 
the proximal half remains. These four molatarsals lie close together 
and parallel with one another. The fifth digit was set at a distance 
from the fourth, as is usual in Lizards, but only the impression of the 
characteristically broad basal end of the filth metatarsal is preserved*. 
The first phalanx of the first digit is 14 millim. long, and the second 
seems to have had abo\it the same length. There are two frag- 
mentary phalanges of the second and third digits respectively, 

Measiiremenis of the Pelvis and Hind Lirnh, 


Pubis from acetabulum to 

Ht/perodapaclon, 

medial 

Sphenodon. 

edge 

74 

19 

Femur, length’ 

121 

40 

„ breadth, proximal end 

41 

S 

„ „ middle 

23 

3 

„ „ distal end. . . 

36 

8*5 

Tibia, length 

80 

26 

Fibula, length 


25-5 

Metatarsal i. 

17 

8 

ii 


12'5 

„ iii 

45 

15 


* The indications of the structure of the metatarsus which I hare interpreted 
as above, ure sumewnat obscure. Even with large-sized figui*e8, their value 
could hardly be estimated without examination of Sie original. 
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It is obvious, even from these imperfect data, that the hind foot 
of Hyperodapedon was longer than the fore foot, though shorter in 
proportion than that of Sphenodon, It seems also in the gradation 
of the digits to have departed less from the ordinary Lacertilian foot 
than the fore foot does. 

The comparison of all parts of the skeleton, which has now been 
made, leaves no doubt as to the close relations between ffyperodapedon 
and Sphe^iodon, At the same time it makes clear the existence of a 
number of differences, of which the following appear to mo to be the 
most important : — 

1. The centra of the prmsacral vertebne are ossified throughout 
and more or less opisthocoolous, especially in the cervical region. 
Moreover there are no intercentral ossifications, 

2. The anterior cervical vertebrae have long and strong ribs. 

3. The external nares are not separated by bone. 

4. The conjoined premaxillary processes form a long, conical, 
curved, pointed rostrum, which is received between two rostral pro- 
cesses of the mandible. All these were devoid of teeth, and probably 
ensheathed in horn. 

5. The palatal area is very narrow in front and wide behind, with 
strongly curved lateral boundaries. 

6. The posterior maxillary and palatal teeth arc multiserial, 

7. The rami of the mandible are united in a long symphysis, 
behind which they diverge widely, and their dentigerous edges are 
strongly concave upwards as well as outwards. 

8. The mandibular teeth are set into a close, a])parently continuous 
palisade in front, and they become distinct and conical only at the 
posterior end of each series. 

9. The fore foot is remarkably short and stout, with metacarpals 
of equal lengtli. I find no evidence of the existence of an ‘‘ cct-epi- 
condylar foramen ’’ in the humerus. 

HJiynchosaurus, although allied to Ilyperodapedon, is sharply dis- 
tinguished from the latter by its vertebral and cranial characters ; 
and, in some respects, it occupies an intermediate place between 
Ilyperodapedon and Sphenodon, 

A specimen in the British Museum (to which I shall refer as No. 1) 
shows the head and trunk in almost undisturbed relation, though much 
damaged in some parts. The length, from the snout to the sacrum, 
could not have exceeded 280 millim. ; so that the animal was only 
a little larger than the specimen of Sphenodon of which the measure- 
ments are given above ; and, as the skull was about 80 millim. long, 
it had about the same proportion to the trunk as in Sphenodon. 

The centra of the thoraco-lumbar vertebne are about 10 millim. 
long and amphicoelous. They present, at each end, a hemispherical 
concavity, each of which occupies about a fourth of the length of the 
centrum, the two middle fourths being occupied by bone. No 
specimen which I have seen shows the characters of the centra of the 
cervical or sacral vertebrae, nor throws any light upon the question 
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of the existence of anterior cervical ribs. There is no evidence of 
the occurrence of intercentral ossifications. 

The abdominal ossicles, so far as they are visible, resemble those of 
Hyperodapedon and Sphenodon^ but no specimen I have seen enables 
their details to bo satisfactorily made out. 

The skull, in its general characters, resembles that of both Hypero- 
dapedon and of Sjdienodon, In contour, it is intermediate between 
the two, having the occiput relatively somewhat broader than in 
Bphenodon and much narrower than in Hyperodapedon, 

The anterior nasal aperture is single, as in Hyperodapedon^ and 
the strong recurved premaxillary rostrum has essentially the same 
structure, and probably was ensheathed in a horny envelope. On 
the other hand, the dentary edge of the maxilla is but very slightly 
convex downwards : and, viewed from below, there is a corresponding 
difference from Hyperodapedon, The outward lateral concavity and 
inward convexity of the dentary edges of the maxilhe are very slight, 
and consequently there is no such anterior narrowing and posterior 
widening of the palatal surface as in Hyperodapedon, The palatal 
bones are not fully exposed in any specimen, but in one there is 
evidence that they bear certainly not more than two longitudinal 
rows of teeth, perhaps only a single row ; consequently they are 
narrow, as in Sphenodon ; and, as in the latter genus, leave the ante- 
rior portions of the pterygoid bones, which lie between them, un- 
covered (Plato XXVIL fig. The symphysis of the mandible 

is relatively short, and the rami do not curve outwards as they do in 
Hyperodapedon, The mandibular rostral processes, between which 
the jjremaxillary rostrum is received, are short and obtuse (see 
fig. 2, p. 082). 

Thus the skull of lihyncliosauriis resembles that of Hyperoda- 
pedon and differs from that of ISplienotlon, in its single anterior nasal 
aperture, its premaxillary and mandibular rostral processes, and, 
perhaps, in i) 08 ses 8 ing more than one series of palatal teeth ; but, 
in general form, and in the shape of the maxillm, palatal bones, 
and rami of the mandi]>le, it departs far less from Sphenodon than 
Hyperodapedon docs. In another respect, if /u/nc/tosaaras appears to 
differ from both Hyperodapedon and ISphenodon^ in t hat no distinct 
teeth are discernible on thtj dentary edges either of the maxillae or of 
the mandible. Without microscopic examination of sections of the 
parts, it is impossible to say whether the maxillae and the mandible 
of Hhynchosaiirus were really edentulous or not. If they were, this 
genus will present an interesting approximation to the Anomodontia. 

Two other specimens (No. 2, and its counterpart, No. 3) display 
the coracoids (co) in place (Plate XXVII. fig. 3). These bones are 
broad and expanded, 34 millim. long and 20 millim. wide, and 
have convex median edges. Close to this edge of the right coracoid 
(in No. 2) lies the interclaviclo (?.c?.), 30 millim. long. It is 
narrow, blade-like, and bent dorsad at its anterior end. Here it 
expands transversely into two arms, which are short, but are not 
improbably broken. The clavicles are wanting, unless the part 
marked cl, in fig. 3 represents one. 

In the specimen of llhynchosaurus to which I have already referred 
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RS Ifo. 1, much of the skeleton of the right fore limb is preserved. 
The right humerus is 40 millim. loug, and has widely expanded 
proximal and distal ends. The radius has about the same length. 
There are more or less well-preserved remains of live metacarpals. 
The first has about half the length of the second, which is about 
equal to the third. 

In the specimen (N'o. 2) all five digits of the manus are dis- 
played. The fifth metacarpal, which is broad and short, as in Sphe^ 
nodon, and three or four of the phalanges of the fifth digit are in place 
(Plate XXVII. fig. 3). In all respects, this foot is more like that of 
Bpheaodon than that of Hyperodapedon. 

The impressions of the ischia are very well shown in No. 3 (Plate 
XXVII, fig. 4, ?.5). They are broadly triangular in shape, with the 
angles rounded off. The symphysial side is 25 millim. long ; while, 
from the symphysis to the acctalmlum, transversely, the bone measures 
20 millim. In front of the left ischium there is seen, in the place 
which ought to be occupied by the pubis, the impression of a broad 
flat plate (Plate XXVIl. fig. 4, 25 millim. from side to side by 

10 antero-posteriorly, the posterior edge of which is, for its inner 
two thirds, in close contact with the front edge of the ischium, 
leaving only a small space to represent the obturator foramen. I 
cannot take this impression to rejiresent anything but the pubis, 
though its form and position are somewhat unusual. The femur is 
57 millim. long, and the shaft is curved like an J. The tibia and 
fibula are each 50 millim. long. The astragalus and calcaneum are 
separate (as in ldphenodon\ and have the ordinary Lacertilian form. 
A large distal tarsal bone (as in Sidienodon) affords an articular 
surface for the fifth metatarsal, which, with the four phalanges of its 
digit, is j)reservcd (Plate XXVIl. fig. 4, ?>). This digit differs but 
little in size and form from the corresponding digit in Sphenodon ; 
and it is therefore remarkable that the fourth metatarsal of RhymhO’- 
saurus is very much broader than that of Sphenodon, and half as 
long again. The third and second metatarsals are nearly as broad, 
but shorter. The first is relatively shorter and thicker (Plate XXVIl. 
fig. 6). 

Two imperfect series of tail-vcrtebrm show that, in the anterior 
caudal region, the vertebrae were provided with long and strong 
chevron bones (Plate XXVIl. fig. 2). 

The evidence which has now been adduced appears to me to prove 
that Jfyperodapedon, lihyncJiosaiirus, and Sphenodon constitute a 
peculiar group of Lacertilia, the skeletons of which are distinguished 
from those of all other recent or extinct known forms by the com- 
bination of the following characters, namely : — the premaxillary 
rostra ; the longitudinal series of palatal teeth, bounding a groove, 
between which and the maxillary teeth the hinder mandibular teeth 
are received ; the abdominal ossicles ; and the absence of procoelous 
praesacral vertebrae. This group of Sphenodontina falls into two 
families, the Rhynchosauridoe and the Sphenodontidee. 

The Rhynchosauridm have a single external nasal aperture 
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edentulous premaxillary and mandibular rostra, probably covered 
mth bom, the former received between the latter; sometimes more 
than one senes of palatal teeth ; and either ampbiooelous, or more or 

Ie88opi8thocoelou8,pra3sacralrertebra. 

Tto family contains Byperodapedon md BhymTmmurus, re^y 
distinguished by the cranial, vertebral, and dental differences gtren 


^ The SphenodontidcB have divided external nares; a toothed pre- 
maxillary rostrum, not born-covered, nor received between mandi- 
bular rostral processes ; a single series of palatal teeth ; and amphi- 
ccbIous vertobrso. 

It is very interesting to observe that, so early as the Thassic epoch, 
the group of tho Sphenodontina had attained its highest known 
degree of specialization, Hyperodapedon being in all respects a more 
modified form than fSpihenodon, It appears a probable conclusion 
that in the Permian epoch or earlier, Lacertilia existed which were 
less different from SjiJienodon than either Hyperodapedon or lihyn- 
c7t08(turus. 


I am unable to discover any feature in the organization of either 
Hyperodapiedon or llhyneliosaarus which supports the supposition, 
sometimes entertained, that these reptiles departed from the tyi)C8 of 
structure found among existing Lacertilia in any greater degree than 
these (e. g. Alonitor, C hamadeo, Gecko, ^phenodon) do from one another, 
or that they present any approximation to other Orders of Beptilia. 

Tho evidence now offered concurs with that afforded by the 
structure of Telerpeton, in establishing the belitff that the Lacertiliaii 
type of organization had, in the Triassic epot:h, attained perfectly 
clear definition from all others ; and it further shows that, in 
Hyperodapedon, the type had attained a degree of specialization on 
a level with that exhibited by any modern Lizard. 

The relations of tho Sphenodontina Avith other groups of Eeptiles 
of approximately the same age, in Avhich the anterior ends of the 
jaws tend to assume tho characters of a beak, with or without 
palatal teeth {Dicynodon, Endotliiod.oii), and with such forms as 
Flacodus, cannot, I think, be profitably dealt with until more is 
known of the organization of the latter. 1 may add that I am 
unable at present to see any good grounds for the a]>proximation of 
Simcedosanrtis to Jlyperodnpi doii, 

In his valuable account of the Indian species of Hyperodapedon 
(‘ Indian Pre tertiary Vertcbrata,’voL i. 1885), Mr. Lydekker assigns 
various detached bones to this genus on very fair grounds of proba- 
bility. The absence of intervertebral ossifications in H. Gordoni, 
however, would seem to diminish that probability so far as the 
vertebra) are concerned. 


EXPLANATION OF THE PLATES. 

Plate XXVI . — Hyperodapedon Gordoni. 

Fig. 1, 2. Upper and lateral views of the skull. J nat. size. 

3. The palatal surface of the skull, so far as the adherent mandible 
permits it to be seen. ^ nat. size. 
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Fig. 4. Under view of the mandible. J nat. size. 

5. Front view of the premaxillary rostrum and the anterior nares. 

J nat. size. 

6. Series of mandibular teeth : a, anterior, posterior end. Nat. size. 

7. The remains of the atlas, and fig. 8, the succeeding cervical vertebrsB. 

Nat. size. 

9. Preesacral vertebrae, with the proximal end of a rib. Nat. size. 

10. The remains of the first sacral vertebra. Nat. size. 

11. The left fore limb. \ nat. size. 

12. The right hind limb. ^ nat. size. 

Plate XXVII. — Jihynchosaurus artkeps. 

Fig. 1 . Under view of an imperfect skull. Nat. size. 

2. A series of caudal vertebrae. Nat. size. 

3. The right shoulder-girdle, ventral aspect (No. 2), and the left fore 

limb, dorsal aspect (No. 3). Nat. size. It is doubtful whether cl 

is really the clavicle. 

4. Impressions of the left pubis and ischium, and remains of the bones 

of the left hind limb as they lie in No. 3. Nat. size. 

5 Right hind foot, ventral aspect (No. 1). Nat. size. 

Discussion. 

The President remarked that he felt he only expressed the sen- 
timents of all the Fellows present in welcoming back their past 
President to the scene of his former trinmjdis. The typo specimen of 
Hyperodapedon was so imperfect that it was marvellous the charac- 
ters ascribed to the genus required so little modification in conse- 
quence of the far more perfect specimen now described. 

Mr. Hulke could only re-echo the President's congratulations on 
the reappearance of Prof. Huxley. Ho could but admire the clear 
manner in which this very interesting reptile had been described by 
him. 

Dr. Getkie recalled the early controversies about the age of the 
Elgin Sandstones, and pointed out that no satisfactory stratigraphical 
solution of the puzzle had yet been found. A lino between the beds 
with Mesozoic lleptilia and those containing JToloptychim would 
never have been drawn but for the extraordinary contrast of the 
organic remains. By physical characters it was not possible to 
separate thorn. 

Prof. Seeley said that caution was necessary in concluding that 
such types were limited to one system. The Jteptiles of South 
America associated with Lepidodendron and Schizodus, partly de- 
scribed by Prof. Cope, have close affinity with some from South 
Africa which are usually regarded as Triassic. 

The form of articulation of the vertebrae being merely generic in 
Amphibia, it is not surprising to find that some reptiles have opis- 
thocojlous vertebrae. Some recent lizards also show peculiar forms 
of the abdominal ribs, as in Plesiosawnis, which are present in many 
Triassic reptiles, though enveloped with matrix, so as to form abdo- 
minal rods like those seen in this fossil. In conclusion, he spoke of 
the satisfaction he experienced in once more hearing Mr. Huxley. 

Mr. Ltdekxer noticed the occurrence of Hyperodapedon in India 
associated with ParasucTms and Belodon ; but the associated v<jr- 
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tebr80 are amphicoelous. The maxillo-palatines appeared perfectly 
similar, more so than he at hrst believed ; indeed there was scarcely 
apparent specific difference between those described by him and 
those of the new Elgin specimen. 

Mr. Whitakee wished to thank Prof. Huxley for the good lesson 
given by the absence of dogmatism in his paper. 

Hr. Baite inquired as to the development of the parietal foramen. 

Prof. Huxley said that he could not find a trace of any such fora- 
men in Hyperodapedon. 

Dr. Bauk said that this showed the specialization of Hyperodon 
pedon» Simeedosaurns or Champsosaurus must have some relation 
to Sphenodon^ but it is also a specialized form. He pointed out some 
vertebral points of similarity between the former and Sphenodon. 

With regard to the systematic position of Hyperodapedon and its 
allies he would prefer putting them under the lihynchocephalia apart 
from Lacertilia as a group equivalent to Ophidia and Mosasauria. 

Dr. Blanfokd described the relative position of the Hyperoda» 
j 7 ec?on-bed 8 in India, showing that they were, in all probability, 
later than the DicynodonAy^^^^ and closely allied, if not identical, 
with the beds containing fishes of Liassic type. He also noticed 
that Uromastioc^ an agamoid lizard which shows some points of re- 
semblance in dentition to Hyperodapedon^ is exclusively herbivorous. 

Prof. Boyd Dawkins said that Mr. Charles Moore’s examination 
of the Rhaetic strata which overlie the HyperodapedonA)Bdi^ of 
Elgin, proved that the latter occupied the same palaeontological horizon 
below the Jurassic 8 eri( 3 s as the HyperodapedonA)^^^ of India men- 
tioned by Dr. Blanford. 

The President said, the difiiculty about the position of the Elgin 
beds was not so great as was often sup})osed. In the Old Red- 
Sandstone quarries fish-remains are by no means rare, but in the exten- 
sive quarries whence the reptiles have been procured no fishes are 
found, and recently the reptiliferous beds have been shown to overlie 
unconformably the Holoptychian beds. The whole of the strata are 
greatly faulted and covered with drift. Hyperodapedon and Dky no- 
don certainly occurred together, and the specimens of the latter were 
being worked out by Dr. Traquair. The Rhsetic fossils obtained by 
Mr. Charles Moore were from a boulder. 

Prof. Huxley, in reply, said he remembered the time when 
palflBontological papers were not received with such general consent. 
He begged leave to thank the President and Eellows for the veiy 
cordial reception they had given him. He w^as unable to agree 
with Dr. Baur s views as to the classification of lizards and their 
allies, and considered that it was undesirable to multiply great 
groups too much. The Rhynchocephalian forms did not appear 
to him to have any real affinity wdth Simeedosaurns, nor were they 
so much generalized as, for instance, Telerpeton, Probably in Car- 
boniferous times the gap between Labyrinthodonts and Lizards was 
bridged over, and intermediate forms occurred. 
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48. Note on some Dhtosattbian Eemains in the GoUectwn of A. 
Leeds, Esq., of Eyebury, Northamptonshire, By J. W. Hume, 
Esq. (Read June 23, 1887.) 

Tsr a short visit which I made with Dr. Woodward in May 1886 to 
Eyebury to see the very rich and highly instructive collection of 
Saurian fossils made by Mr. A. Leeds from the KimmerMge Clay of 
Northamptonshire, two series of remains arrested our attention by 
the close resemblances they bore to those of the Wealden Oimi- 
thopsis^ H. G. Seeley, to OmosauruSy R. Owen, and to certain of 
the American Jurassic Dinosaurs described and figured by Prof. 
0. C. Marsh. We had not at that time with us on the spot the 
materials for instituting an exhaustive comparison, but on a second 
visit to Eyebury, recently made, I took with me Sir R. Owen^s 
and Prof. 0, C. Marsh’s memoirs, and with these by me I re- 
examined the two series of fossils. The results of this renewed 
inquiry are so interesting that I venture to bring them under the 
notice of the Geological Society. 

Part I. — Oexithopsis Leedsii. 

Ornithopsis, H. G. Seeley. 

Synonyms : Emamerotm, Hulke ; Cetiosaurus, R. Owen, partim ; 
CetiosauruSy Phillips, partim ; Chondrosteosaurus, R. Owen^ 
partim ; BothrospondyluSy R. Owen, partim. 

The remains in Mr. Leeds’s collection referable to this Dino- 
saur, or to a very nearly allied form, comprise several vertebrse, 
ribs, both pubes, both ischia, the right ilium, and many small 
fragments too imperfect for reunion and identification. 

Vertehren . — ^11 the vertebrae are, I think, referable to the trunk ; 
they comprise four centra, and some portions of neural arches and 
processes. All the centra are much crushed and distorted, and 
they have lost their arches. They display the large chambers 
opening externally in the lateral aspect of the centrum, and exca- 
vating this latter so dcei>ly that the chambers of opposite sides 
nearly meet in the median antero-postorior plane of the centrum 
under the neural canal, being separated there only by a thin, bony 
partition, remains of which are preserved in one specimen. The 
following measurements will give some idea of the bulk of the least 
mutilated of four centra ; but it should be borne in mind that these 
very imperfectly represent the dimensions of its true figure. The 
present horizontal diameters of the two articular faces are 29 
centim. and 28*5 eentim. The same diameter taken at the middle 
of the centrum is 19*5 centim. The length of the centrum between 
the two articular faces, taken at the under surface, is 14 centim. 
This surface is much incurved in the longitudinal direction, which 
gives the centrum the appearance of being strongly constricted at 
its middle. I<»think it probable that some degree of constriction. 
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originally existed, but that this has been greatly exaggerated by 
compression since death. 

Ribs , — A nearly complete vertebral rib, being about three times 
as largo as the longest rib in the articulated skeleton of an 
Elephant of average stature preserved in the Museum of the Royal 
College of Surgeons, gives an idea of the great girth of the thorax in 
this IJiuosaur. This rib presents a distinct neck and shaft, which 
include between them a present angle of about 90"^. The vertebral 
end of the rib is unforked ; the capitular and the tubercular articula- 
tions were therefore both seated above the level of the neuro-central 
suture on the transverse process of the corresponding vertebra. In 
extant Crocodilians this arrangement obtains first at the 11th or 
12th vertebra, and this rib is usually the third in that segment of 
the vertebral-costal series in which the vertebral ribs are connected 
with the thoracic sternum by sterno-costal cartilages. 8o far, 
therefore, as the Crocodilian analogy warrants the inference, this 
Dinosaurian rib belonged to the scapular region of the thorax. The 
length of the neck of the rib, taken from its capitular end to the 
angle which it includes with the shaft, measures 34*5 centim., and 
that of the shaft, which has a slightly /-shaped double curve, taken 
along a straight lino between its extreme points, is 152 eentim. 
The upper border of the nock is a])proximately straight, while the 
lower border makes a regular downward curve, and this part of the 
rib rapidly expands in its vortical dimensions, attaining a maximum 
measurement of 20 centim. across the angle. From here the 
breadth declines, becoming only 9*7 centim. at the distance of 
41 centim. from the angle. This reduced breadth continues with 
little variation, for a considerable distance, and then augments 
towards the ventral end, where it is 13 eentim. The expanded part 
of the neck and angles of the rib is a relatively angularly folded 
plate, exhibiting in its posterior or visceral asj)oct a deep, longi- 
tudinal hollow. The outer surface exhibits the coinnienceraent of a 
longitudinal ridge which subdivides this surface into a posterior 
part somewhat convex transversely, and an anterior j)art slightly 
hollowed. The part of the rib behind the ridge is stouter than 
that in front of it. In its vertebral third the cross-section of the 
shaft of the rib is a triquetrous figure ; beyond this the shaft 
becomes flattened as its breadth incretises towards its ventral end. 

Pelvis , — The ilium, ischium, and the pubis all contributed to the 
composition of the acetabulum, the last-mentioned bone not being 
excluded from it as in Crocodilians. The pubis and the ischium 
diverge, the former being directed forwards^ downwards and 
inwards, the latter hachvards, downwards and inwards ; the pubis 
also is not divided into a pra?- and a post-pubic segment : in both 
these respects this pelvis differs from that of the Iguanodontidae. 
One Uium only, and this in a very mutilated state, was obtained : I 
regard it as the right. Its present length is 84*5 centim. Of this 
the chord of the acetabulum is about 40 centim. long, and the length 
of the praeaco tabular portion 45 centim. The maximum breadth of 
the acetabular surface is 17*5 centim. between its^ inner and its 
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outer borders. The praeaeotabular portion of the bone is narrow 
relatively to its leiif^h, its depth, or width, near the middle 
measuring about ]5*5 centim. Its borders through a great part of 
its length are roughly parallel. The sacral aspect of the bone is 
rough and much damaged. Attached to it are i)rojecting fragments, 
which may be parts of the iliac extensions of sacral costoids. The 

Fig. 1 . — Pelvis 0 / Ornithopsis Lcedsii, /ro?n the Kimmeridcfc Clay of 
Norihamptomliire. About one-twentieth natural size. 



puhis has the form of an expanded, oblong plate, wider and stouter 
at its ends than at its middle. Its iliac end contributed about to 
the circle of the acetabulum. The roughness of its curved ventral 
end suggests the t'ornier presence of a cartilaginous lip for sym- 
physial union with its fellow of the opposite side. The anterior 
border is incurved. Tlie posterior border for the space of 40 centim. 
is straight, and throughout this extent was connected with the 
corresponding border of the ischium, the suture, when the bones are 
articulated, lying in a nearly vertical plane transverse to the axis of 
the trunk. From the lower end of the ischial suture the posterior 
border of the pubis changes abrui)tly its direction, tending forwards 
for a space of about 38 centim. This part has sustained some 
mutilation, so that its extent is not shown ; but a small part of the 
natural margin is preserved near the symphysial end, and this suggests 
that the missing part w^as incurved. The outer surface of the bone, 
in its upper part, is sinuous in a direction transverse to the long axis, 
being gently concave behind and convex in front of the axis. The 
length of the bone from the acetabular part to its symphysial end is 
95 centim., the width of its symphysial end 40*5 centim., that of the 
acetabular end is approximately estimated at 40 centim., and that at 
Q.J.G.S. 1^0. 172. 3 b 
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the lower end of the pnbo-ischial suture is 50 centim. An oval fora- 
men, 6-0 and 6*5 centim. in its two diameters, pierces the bone at a 
spot not far from the acetabular and ischiatic borders, and 31 centim. 
distant from its anterior border. 

The iscMum is a much narrower, less expanded bone than tho 
pubis. Its long axis appears as if twisted, the outer surface in the 
uppeB part looking outwards and in the lower part of its extent 
haying also a backward inclination. Its length is 91 centim., the 
breadth at its upper end, taken between the posterior angle of its 
iliac suture and the lowest point of its pubic suture, is 35 centim. 
Below this the figure rapidly contracts, so that at the middle of the 
bone the width is only 15*5 centim., and this continues till towards 
the lower end, where it enlarges to 17 centim. 

The resemblances which these remains — I refer particularly to the 
pelvic bones — present to those of the Weald en Oniithojms are so 
obvious as not to admit of any doubt respecting the very near 
affinity of these two Dinosaurs, if, indeed, they are not actually 
identical. The chief differences observable, the much larger size 
and the massiveness of the Kimmeridgian form, are of a kind which 
may merely express the greater age of this individual, and thc}^ do 
not indicate generic distinctness. Pending, therefore, the acquisition 
of new materials which, permiting the extension of the comparison 
to other parts of the skeleton, will furnish a decisive solution of the 
question of affinity or identity, it appears to me preferable to include 
the Kirameridge Dinosaur in the genus OrnitJioj^sis than to make 
a now genus for it. I propose for it the specific name Leedsii, 
in recogidtion of the liberality with which ^Ir. A. Leeds affords 
to scientific inquirers the opportunity of studying his valuable 
collection ; and I am hap])y to express here my personal obliga- 
tion to him and Mr. Ch. Leeds for much valuable assistance 
kindly rendered in the course of my iiKpiiry. 

In a former communication l o this Society I expressed my con- 
viction of the verj^ near affinity of Cetiosmiriis oavniensis and Onii- 
thopsis^. This was based chiefly on their vertebral resemblances ; 
for the ischium and pubis of the latter were then unknown. But 
the similarity is not less striking between their pelves, as will 
become evident upon a comparison of the figure of the inferior pelvic 
elements of Ornitliopsis in jd. xiv. vol. xxxviii. of the ‘ Quarterly 
Journal ’ of our Society with the diagram at p. 277 in Phillips’s 
* Geology of Oxford ’ (London, 1871) ; only, because the bones are 
represented misplaced, each figure in this diagram must be 
turned over, the margins of the pubis and ischium in proximity 
to which the measurements 1, 2 occur should be removed from these 
numerals, and the roughened borders near the word “ ilium should 
be joined vertically below the letter “ When this very excus- 
able error has been rectified, the resemblances of the two pairs of 
pelvic elements are very significant. 

* Quart. Journ. Geol. Soc. vol. xxviii. p. 36, vol. xxxv. p. 757, vol. xxxviii. 
p. 374. 
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Of the taxonomic position of Ornithopns in the Order Dinosauria 
there cannot be any doubt. Accepting Prof. 0. C. Marsh’s classifi- 
cation as best representing our present knowledge of the order, Onii^ 
thopsis certainly falls into the group Sauropoda, and should find its 
place amongst the members of the Atlantosauridee. 

Part II. 

Omosattrus. 

The remains which in May 188(> were thought by Dr. Wood- 
ward and myself to be referable to Omosauriis, a Diiiosaurian genus 
of which the type specimen, from the Kimmeridge Clay of Swindon, 
is preserved in the British Museum, comprise a sacrum with 
both ilia, a caudal vertebra, parts of the other vertebral centra, a 
femur, a metapodial bone, and many small and indeterminable 
fragments. 

Pelvis, — The sacrum^ still retaining its connexion with the ilia, 
is mutilated, and it has been flattened and otherwise disturbed by 

Fig. 2. — Pelvis of Omosaurus durobrivensis, Ihdl e^ from the Kim- 
meridye Clay of Northamptonshire, One-tenth natural size. 



pressure, which has overthrown and squeezed down the spinous pro- 
cesses upon the right transverse processes, hiding the junction of these 
with the neural arches. The centra of the vertebrae have disappeared, 
so that in a ventral view the under or neural surface of the neural 
arches is seen. The arches appear synostosed, thus forming a 
continuous vault in which the original distinctness of its several 
segments is doubtfully traceable, a structural arrangement architect- 
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urally imitating the roof of a brain-case. The spaciousness of this 
sacral expansion of the neural canal may be inferred from the di- 
mensions of the best-preserved part of the roof, which are 16*5 centim. 
longitudinally, and 8 centim. transversely. The transverse processes 
of the sacral vertebrae are long, the second on the left side measures 
24'8 centim. ; their vertical extent was considerable, their fractured 
and mutilated lower border suggests their downward extension below 
the neuro-central suture upon the lateral aspect of the centrum. 
The number of sacral vertebrae, inferred from that of the transverse 
processes prolonged to the ilium, is four. Two in front of these I 
am inclined to regard as lumbar, from the different direction and 
length of the trans\ erse proce8sc.s. 

Ilia . — The ilium is remarkable for the great length of the prae- 
acetabuhir process ; that of the loft ilium (the better preserved) is 
53 centim., the present entire length of the bone being 85*5 centim. 
The breadth of the ])rocess taken just in front of the acetabulum is 
18 centim., and at the distance of 1 5 centim. from its free anterior 
extremity it is 1 5 centim. ; thus the borders of the process are almost 
parallel. The acetabulum is capacious, the length of its chord 
is 24*7 centim. The part lying above the acetabulum presents a stout 
crest, which now x)rojccts externally beyond the outer lip of this 
cavity, hut which ])robably, before^ tlie bone was distorted by i)ressure, 
was more erect. The longitudin«al outline of this crest ascends for- 
wards in a convex curve from the posterior extremity of the ilium 
to above the middle of the acotahulum ; in front of this it descends, 
becoming concave, and is lost upon the y)roeaoetabular process. 

Vertehrai. — A caudal vertebra, well preserved, closely reproduces 
in its general features those of Omosauna^ armafua. The total height 
of this vertebra from the apex of its sj)inous process to the lowest 
part of the posterior articular surface is 38*1 centim. ; the height of 
the spinous process and arch is 20*5 centim. ; the vertical diameter 
of the anterior articular face is 11 *2 centim., and the transverse 
horizontal diameter 9*2 centim., the same diameters of the ])osterior 
articular surface being 12 *{) and 11 -2 centim. ; and the antero-pos- 
terior dimension or length of the centrum is 0*8 cenrim. Thus the 
spinous process is lofty, the contour of the articular surface is nearly 
circular, the vertical dimension slightly preponderating. The figure 
of these surfaces is gently concave, the depression of the posterior 
slightly exceeding that of the anterior surface. The right transverse 
process, nejirly entire, has the figure of a triangular vertical plate. 
Its lower border is directed nearly horizontally outwards, its upper 
border descends, its base, borne chiefly by the centrum, ascends above 
the neuro-central suture upon the side of the arch. The free end of 
the process, swollen and obliquely cut, exhibits appearances which 
suggest its having borne a rib, as occurs in a few anterior caudal 
vertebrae of some existing Lizards. The depth of the transverse 
process near its base is 14*8 centim., its length is 9*4 centim. 
Below the transverse process the surface of the lateral aspect of the 
centrum is depressed, being concave longitudinally and vertically. 
Two other very imperfect vertebral centra have a slightly con- 
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stricted cylindroid form with plane or gently concave articular ends. 
The presence of a large internal space now filled with clay points to 
the persistence of an intracontral, nodal swelling of the notochord. I 
refer these vertebral centra to the lumbar region. 

Femur, — This bone (the left) is in excellent preservation, though 
somewhat flattened by pressure. In its straightness, and scarcely 
observable axial twist, it closely repeats the femur in the typo of 
Omosaurus arraatas. Its proximal end bears a well-marked oval 
articular caput separated by a shallow depression from a massive 
external trochanter lying at the same level, and not divided from 
the shaft by the deep narrow cleft which is so marked a feature in 
the Iguanodontidm. The distal cud of the bone exhibits the common 
condylar division ; the inner condyle is rather more promineiit an- 
teriorly, the outer condyle broader. The dorsal or extensor surface 
is traversed longitudinally by a depression, wide and shalloAv in its 
proximal part, narrower at the middle of the shaft, and deeper and 
wider distally, where it runs out between the condyles. A low, 
narrow, but perfectly distinct, crest-like inner trochanter is present 
at the inner border of the bone, at the middle of the shaft. The 
posterior intercondyloid groove is deep and wide. ^Ihe length of 
this femur is 100 centim., the breadth of the proximal end is 28 
centim., that of the distal end 27 centim., and tluit of the middle of 
the shaft at the level of the inner trochanter 1 8 contiin. ; the 
diameters of the caput femoris are 12*5 centim. and 14*5 centim. 

Metapodium, — A bone which I refer to the metatarsus, from its 
likeness to the metatarsals of Steefosaurvs (all the component bones 
of the foot of which are figured by Prof. 0. C. Marsh), is 14*5 contim. 
long. Its shaft has a cylindroid figure tlatlxinod at one side. Its 
middle is gently constricted, and its ends expanded. The contour 
of the proximal end is a roughly quadrilateral figure, in which the side 
answering to the flattened sides of the shaft is straight, the oj)posite 
side being convex. The distal end is unequally subdivided into two 
condyles, the larger of which is prolonged much further on the 
plantar aspect than is the other. This longer condyle coincides with 
the convex border of the shaft and similarly convex aspect of the 
proximal end. I am disposed to refer this bone to the outer side of 
the left foot. 

The correspondence of these remains with those of Omosaurus 
armatus, II. (4 wen, is so close that I cannot hesitate to refer to this 
genus the Dinosaur which they represent. The chief differences, the 
less massive forms of the bones and the hollowness of the vertebral 
centra, may only express differences of age. In these points and 
also in the more narrow and elongated form of the prmacetahular 
process there is a closer approach to Sterjosaurus 0. C. Marsh, 
between which and Omosaurus^ the very closest affinity exists. For 
this new species I propose the distinctive name of Omosaurus duro- 
hrivensis^ from the name of a Homan settlement near the present 
site of Peterborough. 

Dermal Arrmur, — All the remains just described were associated, 
affording a strong presumption of their having all been parts of one 
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individual ; their general facies, also, and the character of the osseous 
tissues leave no doubt on my mind that they are parts of one skeleton. 
From the same locality Mr. A. Leeds has also obtained many frag- 
ments of largo, thin, flat, bony plates, which cannot be referred to 
any part of the endoskeleton and which doubtless represent a dermal 
armour. Two of these shields, which have been reconstructed by 
accurately placing together their fragments, show that their ori- 
ginal dimensions were very considerable, the present breadth of 
one being not less than 50 ccntim., and that of another about 80 
centiin. It has not yet been possible to reconstruct them so com- 
pletely as to show their original contour. They are formed of 
two thin tables with an intermediate diploe. The free surface of 
one table is smooth and mostly of finer grain than the other, which is 
usually impressed by long pits and furrows, and those, as also the finer 
grain of the bone, show a radial arrangement starting from the 
stoutest part of the plate, which rises as a low hummock above the 
general level of that which 1 regard as the upper or outer surface. 
This, which presumably represents the centre of ossification of the 
plate, imparts a stoutness in one plate of 3 centim., thinning out 
towards the periphery to less than the thickness of a playing-card. 
Perhaps this has been reduced b}’’ pressure. A few fragments pre- 
serve a natural edge ; this has the form of a slightly swollen lip, bounded 
towards the expansion of the plate by a submarginal groove, a con- 
struction which suggests that adjoining plates may have been linked 
together by intercalated flexible integument. 

The evident close aflinity between Omosmiriis and Stegosaurus 
made it very i)robable that as the former possessed dermal spines it 
would likewise be provided with tegumental plates ; I am therefore 
disi)08ed to associate with the other skeletal remains the ])lates in 
Mr. Leeds’s collection. JShould this association be confirmed by now 
discoveries, the question may arise. Does not the association rather 
suggest that the remains should with greater justice be referred to 
Stegosaurus than to Omosanrus'^ 

The Dinosaur they represent has, however, in its femur a distinct 
inner trochanter ; this also is present in the type of Gmosaariis armatiis; 
while it is stated that there is no evidence of its presence in 
Stegosaurus, Should this difiereiice be confirmed, it appears decisive 
against the generic identity of these two Dinosaurs; but for the 
moment reservation is necessary upon this subject. 

Lj) to the present time the reptilian fauna of the Ivimmeridge Clay 
has been chiefly distinguished by the abundance of Ichthyopterggia and 
Sauropterygia, for the numbers of its Ichthyosauri, its Plesiosauri, 
and its Fliosaun' in their many and distinctive modifications, not 
less than for the numbers of its Crocodilians, the Teleosauri and 
Steueosam'i, 

Evidence is now accumulating that the Dinosaurian group was also 
well represented, and this not by one but by several of its subgroups : — 
(a) The Ornithopoda by Iguanodon Prestwichii ; {h) the Hauropoda 
by Ornitliopsis or a nearly allied form ; (c) the Stegosauria by Omo- 
saurus armatus and Omosaurus durobriveusis. 
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49. On some New Featfres in Pelanechinus corallinus. By 
T. T, Gtroom, Esq., of St. Jolin’s College, Cambridge. (Read 
June 23, 1887.) 

[Communicated by Prof. T. M'K. Hughes, F.G.S.] 

[Plate XXVIII.] 

In vol. xxxiv. p. 924, of the ‘ Quarterly Journal of the Geological 
Society,’ Mr. Walter Keeping, F.G.S., described two specimens of a form 
previously referred by Dr. Wright to the genus Jlemipedina, He 
showed that this form was quite distinct from Hemipedlaa^ and gave 
it the name of Felancchinits. It showed, in his opinion, affinities 
with the Echinothuridae on the one hand and the Diadematidse on 
the other. 

These two specimens have hitherto been the only ones known, 
with the exception of a few fragments described by Dr. Wright. 

I was fortunate enough to find in 1881 in the Coral Rag at Caine, 
in a quarry at the north end of the town, a tliird specimen which 
shows some interesting features hitherto undescribod. 

The diameter of the test is about 85 millim. ; it is considerably 
flattened from above downwards. The wdiolo of the oral surface is 
beautifully preserved, with the exception of a sector including one 
nmbulacral and the greater part of two interambulacral areas. The 
teeth are exposed in situ, together with most of the peristomial 
imbricating plates ; the latter, however, are not exhibited so clearly 
as in the specimen in the Woodwardian Museum. A zone, about 
15 millim. wide, belonging to the oral surface is also preserved. My 
specimen quite confirms Mr. Keeping’s opinion that the test was 
flexible. 

The plates have frequently separated along the line of suture, 
especially on the aboral surface, while the median interambulacral 
lino and the lines of junction between the ambuhicral and intcram- 
bulacral areas have frequently broadened into ga[>iiig Assures ; the 
calcareous matter between the plates must either have been deficient 
or wanting ; the jdates themselves are occasionally bent, but very 
seldom broken. 

The Interamhulacral Areas (fig. 1) differ considerably on the under 
and upper sides of the test. At the equator there arc two large 
median tubercles to each plate, and two smaller lateral ones ; 
towards the mouth all these decrease regularly in size, and at a 
little distance from the peristome diminish first to three, and then 
to two on a x>late, the two innermost rows (i. e. nearest the median 
interambulacral line) disappearing first, while the outermost of the 
large tubercles are the only ones that are represented on the last 
plates. Above the equator a similar diminution in size takes place 
in three of the rows ; the innermost row of large tubercles almost 
immediately disappears, as also does the outermost row of the 
smaller tubercles. The outer row of large tubercles retain almost 
their full size. 
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The plates are *wide8t at the equator, but regularly increase in 
height from the peristome up to the highest point seen. 

Thus on the under fsurfacc wc have elongated plates with several 
tubercles, while on the upjx r surface the plates are deep, bearing one 

rig. 1 . — Portion of an Interambulacral Area of Pelanechinus 
corallinus. x 2. 


)a 




a. Plates on oral surface. w. Median interanibulacral line. 

b. Plates on aboral surface. Peristomial notch. 

primary tubercle, the greater part, being covered with minute tubercles 
and granulations. , 

The plates end abruptly at the peristome in a rounded prominence 
separated from the ambulacra by moderately deep peristomial notches. 

The plates on the aboral side of the test seem to have been free 
and movable upon one another, as they have commonly separated 
along the lines of suture, and the sutures are seen at the equator to 
be the expressions of clean vertical cuts whose edges are often some- 
what smoothed off, while the uppermost plates have their borders 
well rounded. This, I believe, explains the fact that the apical 
portion of the test is wanting in all specimens hitherto found, though 
the rest is so well preserved. The shape and disposition of the 
interambulacral plates undergo a remarkable change on the upper 
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side of the test immediately after the equator is passed. Their 
boundaries, before only slightly and regularly undulating, here 
become distinctly curved, while their inner extremities become much 
less in width than their outer ; the result is that a triangular 
depression (fig. 6) is left in the intcrambulacral areas, giving the 
apical area a pentagonal outline. The uppermost plates at the same 
time overlap from below upwards ; this may, however, be due to pres- 
sure, but I believe is natural, as a certain amount of bevelling ofl: at 
the edges is perceptible. 

It is noteworthy that the direction of overlap diflers from that of 
the Echinothuriduc, but is the same as in Ai^tropjfija This genus 
it also resembles in the behaviour of the interambulacra on the 
aboral side of the tost, the plates undergoing precisely similar changes 
in shape and disposition t. 

The triangular depressions I believe to be duo to the projection 
of the genital plates, which were probably large ; the pentagonal 
outline of the central space probably represents the shape of the 
aifical disk, which must have been of considerable size. 

This view is confirmed by the behaviour of the ambulacra, which 
narrow rapidly on the upper side of the test (fig. 5), and show cha- 
racters which indicate that they are not far from their apical termina- 
tion (fig. 4, d). 

In their elongated shape, general appearance and behaviour, and 
in their loose connexion, the interambulacral plates resemble those 
of the Echinotlmridm and Astroj^ypa^ the upper j^latos especially 
(see figs, of AsiJienosoma and .Phormosoma J). 

In the notched peristome, and the contrast between the plates of 
the corona and peristome, and between the ambulacral and interambu- 
lacral areas, the test resembles that of Echinida) and Diadem ati dm. 

The Ambulacral Areas (figs. 2 & 2) were not correctly described 
by Keeping §. The structure of the plates is best shown at the 
equator. Each plate is pentagonal and has nine pairs of pores dis- 
posed in three obli(iue rows, each pair surrounded by a peripodium. 
It is traversed by two sutures, which extend from margin to margin, 
and indicate the boundaries of the three primary plates which enter 
into its composition ; each of these primaries bears a tubercle and 
has at its outer border a pair of pores. Tlie middle primary is the 
largest and supports the largest tubercle ; its inner border occupies 
by far the greater part of the boundary formed by the median 
ambulacral line ; the aboral primary comes next in size, while the 
adoral is smallest and bears the smallest tubercle. In addition to 
the three jirimarics there are six demijdates, which do not extend 
from margin to margin ; each bears ordinarily a pair of pores. The 
grouping of these component plates i.s seen in fig. 2. The adoral 

* Wyville Thomson, “On the Echinoidea of the ‘Porcupine’ Deep-sea 
Dredging Expedition ” (Pliil. Trans. Boyal Soc. toI. 104, part 2, p. 732). 

t I am indebted to Prof. Jeffrey Bell for an opportunity of examining this 
and other genera in the British Museum. 

t * Challenger ’ Report ; Echinoidea, Al. Agassiz ; and Wyville Thomson, Phil. 
Trans. Boyal Soc. 1874, pi. Ixv. 

§ W. Keeping, loc. cit. 
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boundary of the compound plates is occupied by a primary ; then 
come two demiplates, the pores of which form with those of the pri- 
mary one of the three oblique rows. The largest primary succeeded 

Pig. 2. — Two Amlm! acral Plates from the Equator of 
Pclanechinus corallinus. x 4. 


t 

I 



i 

cu 


a, aboral ; h, adoral boundary. 

Pig. 3. — Anxhulaeral Plates from above the Equator' of 
Pelanechinus corallinus. x4. 



by two demiplates forms the second oblique row, while the aboral 
primary with two demiplates forms the third. At one place (fig. 2) 
where some of the pores are aborted, the boundaries of the demi- 
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plates are seen very distinctly. The primaries can readily be traced 
across by means ot the granulations and tubercles covering them. 
The sutures traverse the base of the largo tubercle, which thus 
rises from all three primaries. 

I have described the structure of these plates at length because 
I believe the type to be anew one. It does not seem to bo included 
under any of the six types given by Prof. Duncan, in his paper on 
the ambulacra of fossil Echi noidea*. Of these six the only ones 
it at all resembles are the Echinoid and Diadematoid ; from the 
former it differs in having primaries in the middle, and from the 
latter in having dcmiplates in the middle. 

This structure may, however, have arisen from the fusion of three 
oligoporous plates into one ; thus each of the primaries with the two 
demiplates above would re])rescut an oligo])orous plate. Three of 
these fusing -with one an oilier, together uith development of the 
middle one with its tubercle at the expense of the two others, would 
give us such a polyporous iilato as we have before us. 

This phenomenon seems to me quite analogous to tho method of 
formation of the oligoporous plates from three primaries, especially 
in the case of many Diadematoid and Arbacioid forms in which the 
middle plate develops at the expense of tho other two. Whilst enter- 
taining this idea, 1 was much interested to find that towards the 
apex tho association between the primaries scorns much less inti- 
mate, the sutures being replaced by deep fissures, and tho adoral 
and aboral primaries with their tubercles relatively larger and more 
independent ; in fact I believe that in the uppermost plates seen, "where 
the most primitive condition doubtless prevails, ihe oligoporous 
condition actually obtains, though the plates are not quite of tho same 
size. 

Traced towards the mouth the structure of the ambulacral areas 
is precisely the same as al- the equator, and the arrangement is still 
trigeminal. At the peristome the imbricating plates come in sud- 
denly. As tho area narrows, the tubercle decreases in size, and the 
middle primary ceases to project much beyond the others, so that 
the median ambulacral line running at the equator in sharp 8-liko 
curves passes, through less abrupt curves, into a gently undulating 
line finally terminating in an almost straight j)ortion. 

Above the equator the main tubercle again diminishes in size, but 
much more suddenly, in correspondence with a more sudden narrowing 
of the areas. As the middle j>rimary diminishes in size, the adoral 
and aboral primaries maintain theirs, and their tubercles increase 
rather than diminish in size, so that at the highest point seen the 
primaries with their tubercles show comparatively little difference 
(fig. 3). The plates here seem to be in an oligoporous condition, 
and judging from the diminished width of the areas, the small and 
nearly uniform size of the tubercles, and the gently undulating 
median line, the ambulacral areas are near their aboral termination. 

The ambulacral plates, then, of PelanecMnm may he looked upon as 

Quart. Journ. Geol. Soc. vol. xli. 188 
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a modification of the oligoporous Echinoid type, in which the two 
aboral primaries are represented by demiplates * . 

They could not, however, arise from the fusion of three of the 
oligoi>orous plates of the Echinothuridm t, where we also meet 
with a trigeminal arrangement, as there the demiplates seem to be 
adorally placed. 

The ambulacral areas seem at first sight to present a considerable 
amount of resemidance to those of Astroi^ycja jmlvmata J. This form 
has oligoporous plates, each of which lias a tubercle, every third 
plate being larger than the other two, this giving rise to an 8-shaped 
median line. Prof. Duncan has, however, shown that the triplets 
are arranged after the typo of l)iadema§. 

Fig. 4. — One of tlte Rows of Imhrieatimj Actinal Plates in Pelane- 
chinus corallinus, with the adjacent interamhidacral {i) and 
amhulacral {a) areas, X 



The Imhrimtlng Peri stomird Plates (fig. 1). — These, in my specimen, 
are not well shown ; but the results of a re-examination of a specimen 
* Bunoau, loc. cit, 

t It is usually stated that the plates of the Echinothnriclaj are simple pri- 
maries, but the figures of Agassiz (‘ Cliallengor ’ Report ) make it clear lliat they 
are, at any rate in many cases, oligoporous, the demiplates ( =the so-called acces- 
sory plates) which seem constantly to occur on the adoral side of the primary 
being distinctly fused with the latter. See figs, in ‘Challenger’ Report: — 
Phormosoona hoplacantha (pi. xiia. fig. V2),Asthv7iosonia tcsffetlata (pl.xxi a. fig. 14), 
Asthenosoma Gruhei (pi. xvii. fig. 6), Astheno.^o^na pelkicid^ (pi. xviii. fig. 5). 
Joum. Linn. Soc., Zool. vol. xix. p. 95, pi. v. fig. 9, 

Duncan, Journ. Linn. Soc., Zool. vol. xix. p. 106. 
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in the Woodwardian Museum are given in fig. 4. At one place the 
peristomial plates are beautifully preserved ; here a row of at least 
13 plates is visible, on each of which (except the most adoral, which 
is partially hidden) a pair of ])orcs is seen These, as Keeping 
points out, are arranged approximately in a vertical row. Each plate 
extends from the median ambulacra! to the median interambulacral 
line. This is also seen more or less clearly at other points, both in 
the Woodwardian and my own 8[»ecimen. There are thus 10 rows of 
imbricating plates, and all arc perforated by pores. The arrange- 
ment thus differs from that in Cuhiris^ where imbricating plates de- 
void of pores are found opposite the interambulacral area, but is 
identical with that found in Asthenosoma Gruhei f , J^hormoaoma hur- 
sarlaii Phormosoma htenlenta §, &c. The overlapping jdates much 
resemble those ot Ah tJienosoma Jufsfriaj\\ and of PhonnosomxihiirHaria^ 
and they imbricate and overlap one another in exactly the same way. 
The inferior (oral) edge of most of the jdates is tolerably straight, 
but in those nearest the mouth it is raised up into an eminence 
which supports a member of one of the three rows of tubercles with 
which those jdates are provided. 

Pediccllarufi (PI. XXVIll.). — A feature of great interest is the 
occurrence of the structures known as ])edicellarue. These, which 
were first made knov^ ri by (). F. Miiller*’^, and have been variously 
looked on as parasites, young stages of Kchhii^ &c., are now 
recognized as spines ])eculiarly modified for prehensile purposes. 

They have not hitherto, so far as 1 have been able to ascertain, 
been described as occurring in a fossil state. Prof. Zittcl remarks 
in his ‘ Handbuch der Paliiontologie,^ vol. i. p. 474 Pedicellfirice. 
.... are of no practical significance to the paloeontologist, since, 
on account of their delicate nature and small size, they are not 
capable of being preserved.’^ I have, however, found them in great 
variety and abundance, and in beautiful preservation. 

Though small, they arc distinctly visible to the naked eye. The 
only satisfactory way to examine them was, I found, to jdaco the 
whole urchin on the stage of the compound microscope, and use a 
good illumination. If this method were employc^d, 1 Ixdieve the 
pedicellarise would be found in many other cases also. 

The pedicellariae of Pelanechinus are all 3-valved, and their surface 
shows here and there numerous granulations. 1 have found throe 
distinct varieties, and of the three kinds into which tlie pedicellariac 
of Echinus were divided by Valentintt, whose nomenclature has 
been generally adopted, I believe two are represented. 

♦ Prof. Zittel, in hi3 ‘ Handbuch der Palaontolojjie/ vol. i. p. r>04, refers to this 
form as having, according to Keeping, peristomial plates devoid of pores ; this, 
however, is not correct, as Keeping distinctly states that the anibulacral pores 
are continued over these plates to the mouth. They are also visible in my spe- 
cimen ; but fig. 3 will remove all doubt. 

t ‘ Challenger ’ Report, Echinoidea, pi. rvii. figs. 1-4. 

t Ibid. pi. s.b. fig. 3. § Ibid. pi. xa. fig. 4. 

li Phil. Trans. Royal Soc. 1874, pi. Ixvi. fig. 1. 

^ ‘ Challenger’ Report, Echinoidea, pi. x6. fig. 3. 

** Zoologia Danica, 1788, p. 16. tt Monographie de I’Echinus. 
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and then expands again to a broad spoon-shaped piece. The in- 
terior of the valve is shown in figs. \c and /^. The lower 
portion is seen to be divided by a median crest, which in recent 
pedicellarisD gives attachment to the muscles connecting the valves 
togethert . This variety only occurs in a depression immediately 
surrounding the imbricating plates. They probably have long stems. 
♦ rig, l/is very diagrammatic. 

t P. Q-eddes, Trans. Royal Soc. Edinburgh, vol. xxx. part i. p. 383. 
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(6) On the oral surface of the test, extending to a greater distance 
from the peristome than the last variety, are found a number of very 
slender pedicellariee. These also have three valves ; the base is tri« 

Eig, 6 . — Half the Ahoral Surface o/Pelanechinus corallinus. x 1 



angular and lies nearly at right angles to the long slender prong into 
which it passes. These may perhaps be referred to the type known 
as gemmiform (PI. XXYIIl. fig. 2). The one figured measures 1*16 
miUim. in length. These also probably had long stalks. 
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J have loiind ])odicellari 0 O ot the varieties a and b on the si^ecimen 
in the Woodwardian Museum. 

Pedicellaria-stems (PL XXYTTI. figs. 4 d, h, c, d ). — Xumcroiis ex- 
amples of those are scattered about i he test. They vary greatly in size, 
but all agree in having a slender shaft with enlarged extremities ; 
the basal extremity ends abruptly, while the free end to which the 
pedicellariu^ were attached is well rounded. I found none in actual 
connexion with the X)edicellari3e ; but they arc readily to be distin- 
guished from the spines ; they aro more slender, and the striations 
on them are much finer. The rounded ends have no constriction 
such as is found among the Eebinoihurida^ and Diaderaatidcc. The 
stems more resemble those of the Echinidee f. 

Teeth. — I have lastly to mention the teeth. These were figured 
and carefully described by Wriglit, in his ‘ IVlonograidi of the Oolitic 
Echinodermnta ^ J. Mr. Tveeping, when describing FelanecJdnus, was 
unable to hrid the specimen figured by Dr. Wright. In company 
with Mr. Xewton, 1 succc^eded in finding it in tlie collection of the 
British Museum. It is undoiihtedly referable to our Pelaneehinus 
corallinus. Tho epiphyses were x)robably not united to form an 
arch above the teeth. 

Affinities and Systematic Position. — Of the distinctness of Pelayi- 
echinus as a genus there can be no question. While it resembles 
the Echinothuridte in the flattened shape, in the flexibility and thin- 
ness of tho test, in the length, undulating boundaries, shape, and 
general characters of tho intcrainhulacral plates, and above all in the 
nature and arrangement of tho peristomial plates, yet in the con- 
trast between those and the adjacent coronal plates, and between 
tho ambulacral and interamhuhicral plates, in the notched peristome, 
and in the types and variety of the pedicellarim, it is allied to the Gly- 
phostomata of Pomel (Echinidm and Diadematidse). 

The flexible test with overlapping plates occurs also in Astropyga 


* Pbil. Trans. Koj’al Soc. vol. 1C4, pi. Ixiv. figs. 4, 5. 

t See figure of Strong ylocentrotus in Al. Agassiz’s ‘ Revision of the Echini/ 
pi. xxiv. fig. 20. 
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among tlie Glyphostomata, and this genus Pelauechinua resembles in 
the shape and character of the aboral interambulacral plates. 

It seems to have affinities with both members of the Glyphostomata. 
It resembles the Diadematidm in the possession of simply grooved 
teeth, and the Echinidse in the structure of the arnbulacral plates and 
in the shape of the pedicellaria-stems. 

It thus occupies an intermediate position between the Echino- 
thuridae and the Glyphostomata ; and its peculiarities seem to entitle 
it, if not to a separate position between the two families, af least to the 
rank of a subfamily (which might be termed Pelanechinidae) among 
the Glyx>hostoraata, to which it seems most nearly allied. I may 
say that this is the position assigned some weeks ago to FeZanachinus 
by Prof. Alex. Agassiz from a cursory examination of my specimen, 
lie expressed an opinion that Pelanechinuft was allied to the 
Eebinothuridae on the one hand and the Diaderaatidue on the other, 
the affinity being rather with the Diadematidie. 


CnAEACTERS OF Pclit iiechiniis corallhms. 

Test, Circular, depressed, thin, and prob.ably flexible. 

Interamhuldcrftl Areas, Xarrow at the ])eristome, broadening 
rapidl}’ to more than twice the width of the ambulacra at the equator, 
where there are eight rows of tubercles. 

Plates difTcr on the under and upper sides of the test ; on the 
under surface (dongated and with several tiibercU's ; on the upper 
surface broader and with undulating boundaries, movable and pro- 
bably overlapping from below uj) wards. One primary tubercle on 
each plate. 

Amhiilacral Areas. Less tliaii half the width of the intorambu- 
lacra at the e(]uator, narrowing gradually towards the peristome. 

Plates towards the apex of the oligoporous Ediimid type, with one 
adoral primar}' and two aboral demi plates ; but at the equator 
compounded into p()ly])orous plates wdth nine pairs of pores arranged 
in three oblique rows, one primary tubercle for each median primary. 

Peristome. Largo, about of the diameter of the test. Peri- 
stomial notches of moderate de])th. Peristomial membrane covered 
with 10 rows of overlapping and imbricating calcified plates with 3 
rows of tubercles on their free edges. Each plate with perforated 
tubercles, spines, gran Liles, and a pair of pores ; the successive pairs 
forming a linear series continuous with the pores of the ambulacra. 

Dental Apparatus. Alveoli powerful. Teeth simply grooved. 

Apical Sf/stem. Probably large and pentagonal. 

Primary Tubercles, llather small, perforated, and mounted upon 
elevated bases, with smooth and uncrenulated summits ; they are 
uniform over both areas. 

Spines. Small, hollow, longitudinally striated. 

Pedicellari^e. Three kinds (PL XXVIII.) : — 

(a) Small tridactyle from round the peristome, probably long- 
stalked (fig. 1). 

Q.J.G.S. Xo. 172. 3 c 
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(h) Gemmifonn from the oral surface, probably long-stemmed 

(fig. 2). 

(c) Large tridactyle, spoon-tipped, from the aboral surface 

(fig. «)• 

Pedicelluria-stems. Long, slender, head without constriction 
(fig. 4). 


EXPLANATION OP PLATE XXVIII. 

Fig. 1, a, h, c, d. Pedicel!ari» from round the peristome, x50. e. Internal view 
of one of the valves, x50- /. Internal view of an older one (dia- 
grammatic), Xi>0. g. Basal view of one, X50. 

2, (Slender pedicellaria from oral surface, X 50. 

3, CL, Large tridactyle pedicellaria from aboral surface, seen from above. 

X40. />, Ditto, seen from the side; c, view of basal end; view of 

distal end. 

4, a, ft, c, d. Pedicellaria-stalks, XbO. 


Discussiob. 

Prof. Duncan said he had recently gone over Mr. Keeping’s 
drawings, and his inter]>retation of the peristomial plates resembled 
Mr. Groom’s. The imbricating plates are all ambulacral, there 
being no interradial plates of that nature as in Cidaris, The dis- 
coTery of fossil pedicellarise was quite new. 
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I IV. Summary. 


There are scanty notices, by Do la Becho tind other earlier writers, 
of this southernmost part of Devonshire ; hut later it has been very 
fully described by Professor Bonney*; and taking his paper as a 
guide, I wa,s able during two visits to obtain some knowledge of the 
district. I have ventured to think that a few supplementary details 
might be of some slight interest. 


I. Boundary of Slaty and MErAMORpnic Series. 

As I had not time to visit thoroughly all parts of the district, I 
tried primarily to make an examination of the exposures in the 
vicinity of the junction of the slaty and the metamorphic series. 
Here I was anxious to arrive independently at a conclusion on the 
question v^hether metamorphism had affected a continuous series 
of beds, or whether the southern rocks had the character of a sepa- 
rate and probably much older formation. Hence, before visiting any 
of the sections already described, I made expeditions to two localities 
on the shores of the estuary north of Portlemouth, where I found 
exposures, in one x>lacc quite, in the other nearly, continuous from 
Devonian to metamorphic rocks. I had no real difficulty in deciding 
when I had passed from one formation to the other, and the opinion 
then formed as to the complete distinctness of the two series was 
confirmed by further examinjition in the field and by the microscope. 

Along the southern boundary of the slaty rocks, I visited the cliff 
exposures of the eastern and western coasts, those bordering the 
estuary, and 1 also zigzagged across parts of the intervemn||||g.ountry. 

1. Hope Cove . — The western limit of the boundary lin^t Hope 
village is marked on the Survey map, and has been described by 
» Quart. Joum. Geol. Soc. vol. xl. p. 1. 


3c2 



— Map of part of Smth D^vomhire. (Scale 1 iach to jl ’mile.) 
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Prof. Boimey, as running out to sea in the cove just north ot a 
small rocky headland. 1 was able, owing to a more favourable tide, 
to skirt this headland for a short distance, and found clear evidence 
that its northern face, as suggested, has been deterinivKui by the 
fault.” While the mass of the headland is of mica-schist, fragments 
of what are evidently beds of the slaty series arc found coating its 
northernmost portion. They agree with that series in direction and 
amount of dip; and, lithologically, are very like beds occurring at a 
junction near South Pool, to be described immediately. Th(‘y con- 
sist ebiefiy of impure limestone, verj" much indurated and crystalline 
in character, and of brittle bands (d blackish material having a very 
crushed and slickensided look. At a higher Icvcd, whoi'e the scour 
of the waves between liigh and low^ tide would he stronger, th(3 
nock of the headland lias been worn au ay ratlier more dei!j>ly, and 
exposes down its cliff signsof what I believe is the fanhed junction. 

2. of Salcoinhe tstHdri/, — On the wi'slern shore of Snleombo 

estuary, as Prof, lloinniy has d<‘scribed, the actual jiiriet ion is not 
seen ; but wo can t‘asily recognize when, from siiioolh satiny slatf’S 
dipping evenly to the west of north at about r>r)\ we liave pa.ssi‘d, 
over a very short interval, on to mica-schist. To the W(‘st of this 
ex])Osiire, 1 noted, in a lane north of Batson, tli<' ocenrreiuu^ of ph)!- 
lites^ followed hy mica- and chlorite-sithists, tin* Junction being rather 
to the south of the line given on the ina]), thus agreeing with the 
position on the estiniry suggested hy Prof, Bonnev. 

Ik of E<ti((trff. — On the op]>osite shore of tlie (‘stuary 

I landed at Halvvell Wood, and W'alked southwards hy a low itlilf, 
where- the phyllites W(‘re well exposed, varying soiu(‘\\hal in cha- 
racter, hut all clearly of the unm(‘tamor])liosed series, having a dip 
of about 5“)^ to the W(‘st of nortli. Somi‘ hands were fairly good 
slate, others true phyllib*; while hen? and tlu*r(‘ the sheiui surfacts 
develo])ed along veined or coarser and more gritty parts, gav(‘ an ir- 
regular schistose look to the bods, which, however, was (‘asily distin- 
guished as a merely sujierhcial likem^ss. South of tin' jdiyllitc's, a 
tiny streamlet comes down to tin* beach, and tin! mouth of its slight 
valley extends about ot) yards with no ex})osun*s ; then mica-schist, 
at first very brown jind di'-eornposed, hu'ins the low cliff. 

4. ti^ovUtwanl o f tSoHfh Pool. — Along the arm of the (*stuarv which 
comes down from South Pool, vro, can again note where tin* junction of 
the two sei’ies occurs, and wi* find it. some 20() yards south of the line 
drawn on tlie Ordnanci* map. Tin! west slion* giv(*s us a continuous 
section, and, in spite of the ferruginous rotting which lias attacked 
sorm* To feet of the rocks, 1 idt!ntitied, I believe, both the original 
phyllites, with hard calcareous bands similar to those wliich f found 
at Hope Cove, and also the much altered, hut more massive*, rliom- 
boidally-jointed chlorite-schist, which ivS hi re the first of the* meta- 
morphic rocks to he met w Ti as we go soutli. On the east shore 
there is a blank of about l0>> yards (partly occu] ai d by a cliff of 
recent deposit) which separates the phyllites on the north from 

♦ I use the term pliyllite to denote a slate in which a largo amount of micro- 
lithic mica is developed. 
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cblorite-schist to the south ; and over this space several very small 
springs flow out. The more recent series consists chiefly of satiny 
slates, greenish or greyish, splitting with the characteristic crisp 
brittle frar tun^, heri; and there wdth hardened hands of iinjmre lime- 
stone, and cut at jdaces by thick white quartz veins ; they are 
occasionally contorted and irregular, but for th(; most part lie smoothly 
and evenly. The ])hyllit(‘s of the W(;st<‘rn sliore show a steady dip 
to th(^ W(^st of north ; while the chlorite b(‘ds, including micaceous 
bands, after some variation, st‘t in dipping towards the south. On 
the eastern bank, the slaty beds dip with some <‘xce])tions in a 
HoutluTly direction but the cliffs arc so low, and, in cuttings into 
the ])hyUit(*, J so often not(Ml a t(‘iuh‘ney for the upp(‘r })art. evtui 
to a- de]ith of four, live or six feet, to he bent over in an o]>])osite 
dir(M‘tion to the true dij), that I should h(‘sitate to trust the southerly 
inclination, if there were not a constant, thougli intorrujded, sug- 
gestion of it over a spac(; of nearly half a mile. 

T). lutsiuutnf of Sonlh Pool Ksiuartf. — Ai Jlall Sands tlu'ro is at 
first sight sonu^ litth' difficulty in lixing the ])oimdary of the two 
seric's ; hut on mon* eand'ul (‘xamination, wo see tliat. lh(‘ rocks south 
of th(‘ stnaini all show schist-lik(‘ fracturing, and an^ of v(uy mica- 
ceous character, only with something of th(^ look of ])]iyllifes, due, 1 
doubt not, to subH(M]U('nt sliekensiding or crushing. To tlui north of 
th(‘ valley th(‘ slaty Ix'ds hav<‘, it is true, a very thorough develoj)- 
ment of micact'ous surface, and, at places, a wavy lamination, which 
gives a snp('rhcially schistosi* character, especially wlum accompanied 
hy eorrugal-ioiis and irregular veinings of <juart/, ; ])ut tlu'si* beds an* 
soon inierrupt(’d by evetdy eh‘aved tru(‘ slaty hands. !My note' made 
on the s]»ot, afbT ro-(‘xamination, was, that ‘‘ any simulations of phyl- 
lite, south of Hall Sands, and any simulations of schist, north of 
Hall Samis, ar<‘ in each case local and V(*ry inextemsive ; a, small 
flake of tiu^ southern (lifts might lx* inistaktm for phyllile, and a 
veined fragm(‘nt of tlu^ northern rocks might he thought approxi- 
mating to schist, but ajiy larger examination, ev(*n in the tidd, would 
show the distinctness." This (‘onelusion, on nd erring to Vrof. llon- 
ncy's })ap«T, 1 found to be in complete agreiuiumt with his own 
Buiumarv of tin* difficulty. 

I walki'd Ihrough most of the lanes lying l>etw(*cn South Tool and 
Hall Sands, and found no difficulty in (h'ciding whether an outcrop 
was of slaty or of metamorphic rock. Over much of the countiy the 
rocks are hidden, but d(*(']> cuttings hy roadsidi's and occasional 
quarries enabled luo to decide that the line of fault, traced (‘astwards, 
bends rather to the south, running out to the sea at Hall Sands, as 
markc'd on Prof, llonney^s ma]». The boundary runs between the 
South Pool and Ohivelstono valleys, along the summit, or tlic north- 
ern slope, of the rising country ; its line is not exactly defined, but 
I rather incline to mark it somewhere along the more southerly of 
its possible, positions. Eastwards, to the south of Eord, I found 
some indications, which suggest the continuation of the fault south 
of the main road. Very good ex|x)8ures mark its position as passing 
through Killington, to the south of Muckwell, and as having deter- 
mined the lower part of the course of the Hall-Sands streamlet. 
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South of this valley, the most northerly of the met amorj>hic rocks 
are of chlorite-schist, including micaceous hands. This chlorite rock 
forms the foundation of some of the Eickerton cottage's : it lias lioen 
worked at one small quarry south of the Eickerton hiiic', and jit an- 
other on the hillside overlooking Hall Sands, and is of an ordinur)^ 
but very well-banded character. 

We have thus roughly traced the soutliern boundary of the phyl- 
litos, and this boundary cuts oblicjiudj" across the general strike of 
the metamorphic beds, so that different members of this series are 
thrust against the idiyllites as we go eastwards. There is, at places, 
marked variation of dip and strike, and tlio beds, as 1 sliall dt'seribe 
later, are often disturbed, and diji, in sonui cases, at a vc'ry higli angle. 
"Wherever an actual junction is exposed, it empbasiz(‘s itsi^lf by de- 
composition of the rocks into a brown iron-staiiu^d material. More 
often the beds thus atiected hav(‘ been completely demuh'd, and tlieir 
former jilacc is marked by a small viillc}' or streamlet. 

II. Mickoscoi'e Slides and Litiiolocjic.m. (hniiACiEKs 
OF THE AlETAHOHl'nie UoCKS. 

A. ^Mlcrosrope 

I examined slides from various ]»arts of tlie (listri(’t, and 1 may 
perhaps be allowed to add to tlie full descrijitions, given by Professor 
Eonney, a few notes on si»ecimons which seem to hkj not (jnite of 
the normal typo. The Tn(‘lam<>r]>hic rocks, ns he has stated, may 
be grouped into two series, essentially characterized hy tlie ahnndant 
presence of mica and of chlorite respectively. 1 found, however, 
some 8]>ecimens containing such an amount of both minerals that I 
have ventured to speak of them as micac(‘o-clilori(<ic ; hut if this 
term is objected to, they can }>e ]>laced as exceptional forms, ])artly 
of cldoritc-schist, mainly of mica-scliist. Theses rooks occur at 
places where there are alternating beds of chlorite- and of mica- 
schists, and especially along an extensive tract in the north of the 
area. It is true tliut chlorite is ]»rosent in some of the ty])ical mica- 
schists ; but these differ from the “ micaceo-chloritic,” (‘Veii in hand- 
specimens, and markedly under the micrf)scop<i ; while in the true 
chlorite-schists, if the colourless mica is found, it occurs gcmcrally 
in only an occasional flake, 

1. Chlorlte-SvhiMs. — When we examine, as our first example, a 
typical slide of chlorite-schist, we see, without magnifying, irregular 
bands, greenish in colour, alternating with bands of material a])pa- 
rently (piartzose. Ey tlu* aid of the microscope tlie sepjirate consti- 
tuents can be investigated. The green layers consist mainly of a 
mass of chlorite aggregated in the modes described by Professor 
Eonney, generally associated with some brown ferruginous deposit, 
not identifiable, and wdth epidote. The epidotc may appear in nume- 
rous small grains, or in larger crvstals, some exhibiting cleavage- 
lines, and showing occasionally a tendency to break up. The 
chlorite folia are sometimes grouped in a radiate manner; they 
are generally dichroic, changing from a feeble brownish tint to a 
deep green colour ; by the extinction being parallel to the cleavage- 
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planes in some examples, the species would seem to he a chlorite of 
uniaxial character, possibly, in ])art at least, prochlorite of Dana. 
The more trunsparent layers in the chloritci-schist slide are consti- 
tuted cliiefiy of grains not usually elongated in fonn, in some case» 
adjoining in tlie mannor of (juartzitc- or schist-grains, but often 
separated by a i)alo greenish or dark deposit, eoinj)osed i)artly of 
not clear ehloriU% partly of more opacjue substance, this intermediate 
material being often in more or less coutinuity with the mass of the 
green chloritic layers. "J'he grains thus defined have an ai)i)earance 
as if tlioy had liecni forced ajiart, possibly b}' local crushing of the 
rock: and this a])i)C‘arance occurs most markedly in slides from 
districts wln^re the rocks in the field had a disturbed aspect. 
Professor llonncy calls attention to a somewliat “ clastic look '* in 
specimens examined ])y liini, and suggests it s being due to the action 
of “ unequal pressure/’ The transparent grains themselves are 
many of them uiicleaved and fairly ch'ar, exc(‘pt for minute enclo- 
sures, small Hakes of chloriU' or other belonites ; and these grains I 
8Uj>])osc to he eliieliy quartz. Of others, which sliow more or less 
distinct, cleavage, some at least, after liesitatinn, I iflcntified as- 
possibly kyanite, the ])resence of this mineral being suggested by 
Professor PoniK^y in some of the chlorite-schists. In some cases my 
specimens show, as Koscnlnisch d(‘scrib(‘s, an extremity clour appear- 
anet', with the occuri’ence of infiltration-products settled along tho 
very distinct cliaivagc-planes As is stated by Foucjue and Ix^vy to 
be the charactiT of tliin slices, the grains art^ colourless and not 
dichroict, l'clsj)ar seems tobo ])roscnt in certain vslides as an occa- 
sional grain, and it may occur more mark(‘dly in oilier sjiccimens ; 
but in many eases its ajipearanee is not ({uite normal, and Pi’ofessor 
Boiiney has sugg<'sted to me tln‘ jiossibility of tlie crystal consist, iug 
of a socondai-y mineral reiilaeing the original felspar. Such tyjiical 
characters of (blorit e-schist 1 have notiaiin slides from rock olitained 
along tho coast northward of Prawlo Point, from tlie cliff near 
FTorlli {^ands, and in otliers to bo mentioned immediately. 

In a slide ent from the ehlorite-srhist whicli is (juarried near 
North SSands, 1 was interested to find hornblende occurring in 
portions larger than ilie bclonitcs described by Professor Bonney. 
There are in tho slide a fair number of specimens varying in size, 
but all very cluiraet eristic ; they are green in colour, exhibit 
dichroism, and have the cleavages parallel to a P well marked. 
Most of the grains also are partially bounded by prismatic faces. 
Gl’hey occur, some of tlieiu intmciTslallizcd in nests of quartzoso 
material, others in the greener bands of the rock, where, at parts, 
they seem to merge into the chlorito, at parts seem as if eaten into 
by the bordering epidolc-grains. Jii clilorite-scbist near llickham 
Signal tho clastic aspect, previously descjifcx'd, is noticeable, and is 
emphasized (oven more markedly than in my specimen from North- 
Sands quarry) by the deposition of calcite along cracks in some of tho 
clear mineral. Among the grains may be noted one of a twinned 
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crystal, which has evidently been broken and suffered some displace- 
ment of its parts with deposition of calcite along the crack. Similar 
examples of pre^ssuro-etfects may be found in various slides. Many 
of the clear grains in tliis Kickham specimen, even where not exhi- 
biting delinito cleavage-lines, contain narrow laths of a ricjlily 
coloured reddish-brown mineral, possibly hsematite, which have a 
uniformity of direction in the grain, as if determined by its cleavage- 
planes. in another specimen of chlorite-schist, taken from the 
foundation rocks of the Old Castle near Salcomhe, rrofessor Honney 
called my attention to the form and arrangement of the grains in 
the cl(‘ar layers. Without magnifying, the hddc'd zigzags of these 
colourless bands are quite evident, across c>n(^ part of the slide. 
Under a low pow(T of the mi<;rosco])e their constituent grains sliow 
an elongation transverse to the main layer, and with ])i)larizing 
apparatus an orumtation of colours similarly transverse, these cha- 
ractei's of form and optical jiroperty being therefore due })robably to 
the pressure which bent/ tlie layers. 

Certain masses of chh)rite-schist occairring in the northern part 
of the district call perha])s for some sj)ecial notico. S])ecim(‘iis for 
the microscope were taken from the ])oints on oppositi^ sidi‘s of the 
main estuary north of Salcomhe, which 1 hav<^ Cidled for (lislinc-> 
tion "‘SnatHJs” Toint and ‘•8c<)hl(‘” Point. The usiiid minerals 
(chloritcj, ([uartz, epidote) are present, and in the Seo]dt< slide o(^ciir 
some grains of the cleaved mineral and sonu^ wliicli seem to be 
felspar; we may note exanq)les of 8im])le twinning, and others of 
multi])le twinning after the manner of plagioclas(^ One very 
interesting specimen was pointed out to me by ITolessor Jlonney, 
where the members of the compound crystal are distorted, waved, 
and even broken across and displaced — an additional ]>rof)f of t-lte 
action of pressurt;, which had s(‘emed to ni<‘ marked in tliis rock e\’eu 
in liaiid-s|.)eciniens, and enqdiasized by tlui evidoiict* oftlie microsc.op(‘- 
slides. The sect ion of the Scohle rock shows (juartz-grains, occurring, 
for the most part, separah^d in the chloriiic ground-mass, and many 
of the grains elongated, with their long axes p.arallol to the lami- 
nation. In the Sna]>es specimen knots of quartz a])])ea.r fretpiently 
as if squeezed out into ratln*r long irregular hands, in which the 
mineral has assumed the ordinary schist or (juartzite characters. 
Some of the separate grains are of very tlattened form. In the 
mass the rock exhibited, throughout, u close com]>resH(;d look, but 
was traversed at. places by bands of a])pa7'tnitiy different minend 
constitution. The evenness of these layers and the compressed look, 
taken in connexion with the micro-structure alrtjady noted, seem to 
suggest that the rock had suffered from a pressure somewhat 
normal to the hands, and that the lamination may have existed in 
some form in the rock as a ]>revious stratification-foliation. 

2. MicaeeO’^hJoritlc Schists , — An interbanding of some mica- and 
eblorite-schists in the cliff near liickhara Signal -Station yielded a 
specimen containing both mica and chlorite, witli layers of quaiizose 
and other colourless grains, some cleaved and some exhibiting 
twinning. Scattered about with epidote are small garnets, abundsnt 
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in the mica-chlorite layers, rare elsewhere. The signs of a crushing 
of the rock are very evident ; the grains are of varying sizes, their 
boundaries shade off in polarized hghtwith an a])pearance of secondary 
deposition, and many are dirty and loss clear than usual ; the 
micaceo-chloritic layers also are crumjded as in the true mica- 
schists. Like this last specimen, a mass of rock from the north of 
Snapes^' Point miglit bo described as a kind of chlorite-schist ; but 
it exhibits, even in the hand-specimen, a larger amount of mica. It is 
dark-greenish in colour, tough, and weathers to a very rough surface, 
partly ridged from jdates and fibres of mica, partly pitted with 
roundish hollows irregularly w'eatliered out. A slide cut from this 
rock shows chloj itc largely present in aggregated folia, but, iiiter- 
crj'stallized with it, flakes of white mica iu much abundance. This 
mica S(‘onis to agree with that in tlie true mica-schist, and shows 
the zigzag crumj)liiig of the folia wliich is so marked in that series. 
As in chloriie-Hchists, granular opidote is ubundauf, and large grains 
occur witli an indication of clcavago-planes and showing a. tendency 
to break into smaller fragments. Within the ground-mass arc 
fairly large isolated grains of other minerals. Some of these seemed 
at first not easy to distinguish from quartz ; but, unless we may 
infer its setaindary (le]K)sithm, several charaetteristics of the grains 
make tliis identification ditlicult. as was pointed out by J^rofessor 
Ponriey, who kindly looked at this and other slides for me. Other 
grains ])resont sliow twinning or cleavage, and very many of them 
exhibit ebaraetors wbich seem to me most like those ot* kyauite, in 
some cases tlu^ mi nigral a})pearing in longisli forms with linos of 
pinalvoidal cleavage (a J'd and a P«) crosstnl by soni(5 of the nearly 
“perpendicular breaks” of the basal cleavage (() P) doscrihod by 
Poiique and Lt^'v and by Uosenbus'-li t. In the hand-sjx'ciinen, I 
could recognize grains having ]H‘arly (leav.'igo-faces and of pinkish 
or pale brown colour. In the slide all the grains are fairly uniform 
in size and similar in sha])(', having a soinewhut elongated, elliptical 
outline (only one slunving good suggestion of crystalline form) and 
the margin at places being fairly even. They contain various 
enclosures, somt? of which s(x*ni to be epidote, sonu^times in rather 
stumpy crystalline forms; others are clear colourless helonit('s : and 
very minute enclosures, such as are comiuon in the (juartz of the 
chlorite-schist, arc very abundant. The inclusions, (‘specially the clear 
belonites, extend, in many eases, in lines parallel to the long axis of 
the enclosing grain, and often these linos are curved. In sonu^ grains, 
oloavag(j runs undisturbed obli(pioly across the lines of enclosures, 
so that we miglit perliajis infer the subsequent crystallization of 
the enclosing inincTal around the opidutcj and belonites. These 
must in that case have existed previously, and the kyauite, in its 
jiresent condition, may be posterior to the crum]iliug and contortion 
of the rock. It is interesting to note that the longitudinal extension 
of the kyanite in some examples is roughly in the direction of the 

* Min^ralogie Micrographique, p. 461. 

t Mikpo.skopi8che Pliysiogniphio cler petrographisoh wichtigen Mineralieii, 
p. i>45. 



rrcM]ucntly in the masses of chlorite-schist soon in the field, 
there occur thin bands of chloritic rock of brighter f^roini colour 
and with very smoothed surfaces as if slickeiisided : evtMi in freshly 
hewn quarries these bands were f2:(au‘ra]ly too frap^ilc* to yield slides 
for the microscope. One firmer band, however, lnivinj»‘ a more 
silvery micaceous look, occurs in a quarry by the lU'vv road near 
8napcs Point*, and may jierlnqis be rejiresent alive. This g:ives a 
clear, filmy, aiJple-green chlorite, and veiy cU‘ar larp^e raica-Hakes 
accompanying an excoj)liona]ly small quantity of (jnartz, most of it 
exhibiting signs of secondary change. There are nunuToiis grains, 
some of epidot(‘, some of garnet, and others of a mineral rather 
resembling garnet, but apparently not isoincdrie, giving a dull purple 
tint on rotating th<'* stag(‘. The layers an* crumpled, the inica- 
fiakes lying at intervals obli(juely across the general direction, as if 
bent down in the slijqiing. 

When we turn to the examination of tlie most general type of 
micaeeo-cliloritic schists, we find some of tlu^ l)est specimems mair 
“8na])es” Point, ‘‘ Scoblo ’‘l^)int.arld Wcstercomb. all ])lac(‘s approach- 
ing the northern boundary-line. Macroseopically, tliest* rocks differ 
from the ordinary iniea-scliists iji being dulh'r in appearance, although 
rather light in colour, greyish, or .sometimes with a sliglitly gnHaiish 
tint. In the mass they are generally more evenly bf*dded. Under 
the inierosco])e these rocks arc found to consist cbiefiy of mica, 
chlorite, and quartz, with jiossibly felspar and a mineral, more or less 
abundant, aj)j)roxirnating in its cleavages to kvanite, several grains 
showing interru])ted cleavages meeting at an angl(‘of about Titb, and 
reminding one of the ]>lanes ])arallt‘I to llie has(i and the hrachydorne 
(OP and Pri) shown by Max Paiier Orains are lairly abundant 
in these slides having a marked twinning, some (juite simph*, others 
slightly repeated ; and in one or more exam])hrs the crystal is cracked 
and its paiis di.splaccd. The quartz is dirty from the number of 
minute enclosures, and has the usual schisiosf; structure, irr(*gularity 
in the size of the grains and shading of their colours in polarized 
light suggesting subsequent strain of the rock. In many places, 
larg(‘r clear grains are imbedded in a mosaic of small shaded ones 
and not uncommonly the large grain is cracked across, and the 
commencing devclopmcTit of the fine mosaic can be traced along the 
crack. In some slides occur certain granular aggregations wdneh 
are partly resolvable under a higher pow'er of the microscope into 

* Zeitschrift der Deutschen geologwcben Gesellschaft, 1878, Bd. 30, Taf. xiv. 
fig. 1 a. 
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colourless microliths, somewhat dichroic, if I could trust my not 
very clear observation ; they may possibly bo a secondary acti- 
nolito. In these micaceo-chloritic slides mica plates at parts Ibrm 
level and continuous layers, at others they constitute bent or wavy 
lamina). Occasionally there is an example of a breaking and 
slij)ping of the layers at the folds, whicli I will indicate later, when 
I speak of similar structures in other schists. 

Mica^SchhU — True mica-schists form the dark massive cliffs 
which extend towards Bolt Head, with a kind of black-lead sheen, 
and the paler, more silvciy rock of the cliffs near the Start. In 
the Bolt specimens 1 identified tlie constituents described by Pro- 
fessor Bonney, and found one fragment showing good examples 
of what 1 l)eliovc to be kyanite. I'he grains arc visible without 
magnifying, and, thus loukecl at, tiny are s(‘eu to he about -j\y inch 
in diameter, to ho bL'udvisli in colour, and to have somovvdiat of a 
prismatic form. Under the mieroscoj>e the grains, some of them, 
show clear kvanite-like cleavages, and in one is a good example of 
twinning. Where this elear mineral occurs, it abruptly interrupts 

Pig. 2. — Crt/stal of Ab/z/n/Vc in untr Bolt lie if/. 

(Enlarged diamcU'rs. ) 



The srliist oousists mainly of ebl4)nte, whit.:' mi*a, ami black mineral.” and its 
hiycrsi pass on tlirough the kyaiiiti*. The kyuiiite shows one good cltvivage, 
with interrupted plau.'S, and is twinned. 

the micaceous and chloritic layers; hut the ferro- carbonaceous 
material (as I infer it to be from Professor Bonney 's description) 
seems to continue on in its own wavy lamiiue through the kyanito 
(fig. 2). Hero, therefore, where the grains are larger, they contain 
more foreign deposit, some of them l)eing almost full of the black 
dust ; but its arrangement seems only explicable b}” supposing the 
growth of the kyanite-grain in situ in the rock. The schist from 
Start Point seems to have in it less of the black mineral, its mica- 
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folia are clear and well defined, although small and at places irregu- 
larly intercrystallized with quartz. The (juurtz shows minute 
agglutinated grains, and has the appearance of having suffered from 
pressure. In all these slides, 1 was on the look out for evidence of 
a secondary eleavago-foliation, and I could trace in all the begin- 
nings of such a structure. The thin folia have given way along 
some of the sharp abrupt folds, as is shown in the figure given in 
the article before (pioted and the secondary planes thus here and 
there arising consist of the black mineral with some mica-folia. 

B. ^f(tcros^opic Struettfres, 

1. and Micaao-chforltic SMsfs . — Tii hand-specimens the 

mica-schist gives interesting study of various forms of crumpled and 
contorted beds. In many ]»laces exam])les may be found of a Hlii)ping 
of the zigzagged layers, being an illustration of what might be 
classed under “ strain-slij) ’’ {Annueichmafu-) cleavage. In the 
schist of the Bolt Head, Professor Bonnoy has described how the 
beds are folded and contorted, and how tlie rock readily breaks up 
“ into rude ]>risms.” Tliis tendency seems duo to the schist being 
traversed by two sets of divisional planes, one panillel with the 
original stratification-foliation, the otlier marking a 8ubs(?(|Uont 
cleavage-foliation. The ck‘avage-surfaces luiv(% on the whole, a 
smoother, more continuous polish ; while tlio original folia are 
thinner, closer, but more crumidod, and tlierefure give rise to 
surfaces more liable to break with small irregularities. 

In certain areas the schists, whether mica- or mica cco-cblori tic 
schist, have a tend(‘ncy to split along broadly undulating planes, which 
do not entirely follow the lamination. This is a markc^d character 
in much of the rock near Start Headland and at several localities in 
the northern ])art of tlje district. Near (lullet, on the arm of the 
estuary from Soutli P(K)1, just before mica-schist sets in, the chlorite 
rock contains what 1 should judge to be micaceo-cbloritic bands, 
and these are traversed by undulating planes. Thus these bands 
have a tendency to split along curving surfaces, dividing the rock 
into somewhat rounded rliomhoids, within which the quartz often 
thickens at jdaces into little knots or eyes. Here tlie planes of 
weakness seem to include in their course j)art of the slip-jdanes or 
planes of cleavage-toliation, and j)art of what ^ve may consider true 
bedding-planes. There must in that case have been some modifica- 
tion of the structure, induced by the 3 )ressure which tlie rock has 
undergone ; and I thought that jiossibly the cause could Ixj connoctfid 
with the more marked 3 )rosence of quartzosc layers, which might 
have helped the beuding-over of the jdanes of weakness, by offering 
a resistance to the cleavage-slipping. Passing now to other ex- 
amples of like structure, I would note a rock of mica-schist on the 
beach near Lannacombe, wdiose surface, polished by the waves, 
exhibits, with greater clearness and on a more minute scale, similar 
markings to those of the Gullet specimen. Here, blacker patches 
in the silvery’ mica-schist seem, in consequence of the structure 

* Quart. Joarn. Geoh Soc. vol. xL 18S4, fig. 7, p. 16* 



726 


HISS C. A. BAI8IK ON THE 


described, to tail off where the cross jdanes break the lamination. 
Very similar to this is a micaceo-chloritic rock from the shore 
opposite Gullet, which 1 examined witli the microscope. In 
the hand-specimen blacker bands continually tailing off seem to 
cause an incipient formation of “eyes” of the darker material. 
These bands, under the microscope, are found to consist of chlorite, 
mica, and a (piantity of a black mineral present in all my slides 
of micaceo-chloritic rock, which both here and in some others consists 
markedly of small crystalline masses rather flattened in form, and 
ranging along the lamination, like the titaniforous iron-ore shown 
in the Scourie-T)yke scliist^, only tlie ferrite in my slide U more 
abundant. Here (as well as in one other slide) 1 tliougat it 
accompanied by grains of sphene. Some of tluj micaceous layers 
present an appearance as if they were flowing around the larger 
grains of (jnartz ; and the haud-spocimen, like others of the micaceo- 
chloritic group, has a very squeezed look. The slide has the structure 
already noted as generally belonging to the group — the small mosaic 
of <]uartz granules surrounding larger grains which arc sometimes 
broken across; and the aggregations of niicroliths arc also ])reHcnt. 
This rock was obtained near Westercomh, from within (JO yards of 
a junction with the phyllites. In other northern localities of tlie 
district the curving fracture-plaiu's, as seen in hand-specimens, are 
very marked in schisls which have what secaned to me a specially 
slickensidod and cruslud look : and this occuis where I am inclined, 
from st.rniigrajdiical ndations, to suspect that a line of fault occurs, 
which has very possibly sjdit and followed two directions, as, for ex- 
ample, in the i)oint oj)posite Westercomh. 

On the whole, the characteristic of the mica-schist of South Devon 
seems to be a tendency to develop cleavage-] )ln.ncs of less or greater 
force, which become, at places, fairly well marked, although not in 
an equal degree with the original foliation-planes. 

2. Chloriie-SMsts . — CJertain structures in the chlorite- schist, when 
it is studied in tlie fleld, seem to recpiirc some noiitre ; but I am very 
diffident about, making any suggestions as to their relations. Ai)art 
from any ferruginous decomposition, the chloi'ite in weathering 
acquires often a paler shade, sometimes almost whitish, and some- 
times a delicate pale soa-groon. Tliis last colour I generally found 
occurred in parts protected from rain-wash, and I have never seen a 
more beautiful study in rocks than that in some of these chlorite-masses 
where, receding slightly beneath a projecting ledge, they expose a 
surface coated with the soft pale sca-grceu dust. The picturesque 
appearance is increased by the tendency to jutted weathering here, as 
elsewhere, exhibited, which has already been described by Professor 
Bonney. In other exposures, I noted a tendency to rather regular 
rhomboidal divisions. These two structures I should suppose nearly 
related ; but the rhomboids at all events seem to be due to the develop- 
ment of two obliquely crossing sets of planes, the one set being in the 
direction of bedding, the cause of the other set being more difficult 
to prove. It might perhaps be a kind of jointing ; but there is some 


* Teall, * British Petrography/ pi. zx. flg. 2. 
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slight evidence which would rather connect it with the cfiects of 
pressure. One example, which had some weight with me, was a 
case of chlorite-schist interbanded with a In-inch mica-haml. The 
mica-schist showed puckerings, which I can best describe as giving 
an outline roughly duplico-deutate, and the transverse planes of the 
chlorite ran up into the sharp teeth of tlu^ puckerings. It seemed 
as if the force which crumpled the mica-band had developed the 
oblique planes in the chlorite. At other localities also, the divisions 
seemed to be suggestive of pressure-planes, as in exposures near 
Bickham Signjil-station, on the shore oast of Porllemouth Parsouago 
and elsewhere. For comparison Avith these examples 1 searched 
on the shore south of Portlcmouth for an occurrence in chlorite- 
schist, referred to by Professor Jlonney ami described as a cleav- 
age-structure, and I think the cases I have quoted Avill bear a 
similar explanation. To such pressure-planes crossing tliose of 
bedding, modified by the not vt'rv plastic material of the rock 
in which they are dcweloped, 1 am inclint‘d to attribute tlio 
irregularly worn surfaces of the cblorite-schist ; since tlie hollows 
which Aveathcr out at places can he found in all gradations from 
regular angular rhombus-sluipes to rounded and irregular jiils. The 
rounded depressions, like the angular ones already described, follow 
planes of bedding ; in one exam]>lo 1 tra(a‘d them ahjng tlie con- 
tortions of a corrugated mass of cblorite-schist. \Vherc the ]>itling 
was most irregular in its arrangement, tln‘ beds had often suffered 
such foldings and dislocations that it was difficult, or even impos- 
sible, to track the bedding-] daiios. 

The angular markings I have alluded to wer(' gt‘n(‘rally rather 
local in their occurrence ; but over large mass(\s of chlorito-schist 
there was a dovclcpment of a second set of jilanes, presumably 
ioint planes, along which the rock continually ])rok(^ up and siii)j)ed. 
This often gaA^e erroneous im])ressions as to the dij) of beds seen 
from a distance. 

III. Strati GRAPHICAL Helatioxs of some of the Metamorphic 

Bocks. 

In this part of the i)aj)er I shall restrict myself mainly to the 
small northern area beyond Portlcmouth, which was not specially 
examined by Professor Jioiiney. The best exposures are along the 
main Salcombe estuary, whose shores, extending roughly from north 
to south, cut across successive beds. The eastern cliff is perhaps 
rather less disturbed, and from it chiefly wc may describe a typical 
succession. 

1. {a) Interhanded Series of Main Estuary and Batson , — South 
of the fault, near Halwell AYood, wo come to a mass of mica-schist, 
partly brown from decomposition, Avhich dips northerly and extends 
about 100 yards ; beyond this, chlorite- schist is exposed. Hence, 
nearly to the beginning of “Scoble Point,” we have beds, at first 
and at places, with variable or southerly dip, but, on the whole, 

* Quart. Journ. 0eol. Soc. 1684, voL zl. p. 9. 
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dipping to the west of north. These are chlorite-, mica-, and mica- 
ceo-chloritic schists alternating one with another. Bands only a 
few feet thick or even less occur ; bub the average thickness may bo 
taken as about 50 feet, though there are two masses of mica-schist 
nearly 200 feet in thickness. With few exceptions the beds quietly 
overlie, and after looking out carefully for evidences of repetition 
or overfolding, I came to the conclusion that these rocks i>robably 
represented a true 8tratigraj)hical succession. This series is not 
quite so well shown along the western shore ; here a w’cstward 
thinning-out of tlic chlorite bands is suggested, unless they come 
in partly where (ixposures are wanting or beds disl urbed. Further 
west, the rocks are exposed in roadside cuttings, one at Lower 
Batson, and one to the north of it close to a phyllit(j outcrop, and 
also along the shores of Batson Inlet. Here the eastern cliff has an 
extensive develo])nient^ of mica-schist, but part of it, much gnarled 
and contorted and with a changed dip, may possibly luive cut out, 
by faulting, the ohlorite-band, which would otherwise have con- 
tinued to this place from the w(‘stern shore and from the lane by 
the C(irnet(T}'. The general dip is northerly or to the west of north, 
varying from 35*^ to 80*^, but oft(‘n at about (>0° to 70°. 

1 . (h) (Jhlorlte^Schifit of Scohht ruul of — To tin* south of the 

interlmudod series, on bot h sides of the main estuary, a thick bed of 
ehlorite-schist has resisted the action of tlu^ wat(‘r and still pro- 
jects in the opposite luMidlands of “ Scoblo ” and of “ Snapes.’’ 
This chlorite-schist is closely and evenly laminat.t'd, very firm, at 
places so compact as to bo almost flinty in appi‘aranc(?, and has 
altogether a s(jiieezed look, which is confirmed by the microscope 
slides that I have already d(‘scribed. 

Salcoinhe and tS(mfhvutrd.<<. — This chloriri'-schist seems to strike 
to the northern ])art of the large mass on which Salcomhe is built, 
and of this there are exposures, as JVofi*ssor Bonney has described, 
as far south as an alloy beyond the Ferry. Southward from this 
alley, at an excejitionally low tide, I -was able to scramble along the 
shore, and found the clitfs, nearl}' to the Ohl Castle, to consist of 
mica-schist, folded iind contorted and nearly vertical, })ut striking 
boldly out to tlie north of oast. As tin' road on the top of the hill, 
after leaving Salcomhe, cuts most of its way through mica -schist, 
of which rock th(Te is one quarry by the road and two on the 
southern slope overlooking North-Sands valloY, it w'ould seem pro- 
bable that to the south of Salcomhe the hill mainly consists of the 
mica-formation until wx come to the chlorite-schist forming tho 
foundation of tho Old Castle min and worked in the quarries near 
North Sands. Here I would suggest the possibility of a faulted 
junction, and of a southerly pressure overturning the chlorite and 
some intorbanded beds, and thrusting them against the mica-schist. 
There seemed some grounds for the idea in the aspect of the cliffs 
between the Old Castle and North Sands — the beds are disturbed, 
contorted and broken, and form a wild scene of rugged points of cliff, 
worn into caves, and weathered irregxilarly to yellows and reds, the 
brighter colours of decomposition ; the beach is a piled-up mass of 
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huge fallen blocks. The dip of these beds varies, but on the whole 
seems to incline southerly at one spot, being to W. of S. at quite a 
low angle, about while the mica-schist to the north, as I have 
said, seems nearly vertical, or with a high dip towards the north. 
Moreover, opposite the Old Castle is a good junction, which may 
mark, if not the main fault, a minor break connected with it, where 
the chlorite rock with a dip to W. of 8., much jointed and marked 
by cross planes, overlies mica-schist with a dip to E. of 8. ; the true 
nature of the latter is almost concealed by the uniform deep red 
tint which it has assumed in decomposition (fig. 3). If this chlorite- 


Fig. - Cliff* opposite the f)l<i near SaJeombe, 



rt. Mica-soiiist, inaHsive, of deep red h. (.ndorite-aebist-. 

colour. F. Liuc of’ iHult. (?). 

schist and these iiiterbaiidirigs have been thrust northward, the 
chlorite-rock, which occurs in a lane from north of South Mill to 
north of Combe, might possibly re])rc8ent the same mass, whose out- 
crop had been carried further north out of its proper lino of strike ; 
but the beds in this inland ex])osiire seem less disturbed and retain 
their northerly di]i where I had opportunity of testing it. 

I w’as able, during the same favourable tide, to traverse hastily 
the shore from North to South Sands, ])aRsing from the southerly 
dipping chioritic rock, over the beds marked by Prof. Bonnoy 
as showing much disturbance. They consist of a rather thick mass 
of inica-schist, agreeing in strike to N. of E., hut with an almost 
vertical dip and much folded, possibly bounded on the south by a 
small fault, w^hcre there follow, first, chlorif/O-bcds nearly vertical 
and with variations of dip, and then, as far as South Sands, interband- 
ings of chlorite- and of micR-schists, exhibiting a southerly dip. The 
mica-schist in these cliffs beneath Molt agrees in its appearance with 
the larger masses occurring to north and to south ; but the greatly 
diminished thickness would be difficult to explain on this hypothesis, 
and 1 incline to consider it a low er band appearing beneath a fold of 
the chlorite-schist. 

2, Mie/t-Schist, vMh (?) lnferbnndin<j$, — Turning back to the dis- 
trict beyond Scoble Point, we find, south of its chlorite-schist, mica- 
schist rising and extending veiy' contiiiuously along the northern 
No. 172. * 3n 
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shore of the side estuary, being possibly part of an interbanded 
series, the remains of which to the south still occur along the oppo- 
site shore. The mica-schist strikes in the common direction of N. 
of E., and has often a high northerly dip ; it is mostly nearly vertical 
and much folded. At places the dip varies, and the beds have a 
squeezed look, rather like those in the mica-schist point up the estuary. 
From the uniform direction of strike, the mica-schist is cut very 
oblirjuely by the shore, which trends eastwards from Scoblo ; but, 
bounding a small inlet in this shore, a cliff occurs, which cuts across 
the beds ; although much weathered and overgrown, we can see 
that they consist of similar mica-schist. In this side estuary, the 
southern shore, passing rortlemouth Parsonage, exposes interband- 
ings, some of only a few feet, some thicker. The rather massive 
chlorite-schist, which is quarried near the old limekiln, is of such 
small extent that I place it and also the chlorite-schist of the cliff 
noi-th of Portlemouth Ferry' as a subordinate part of this series. 
The dips of the latter muss of chlorite-scliist rather vary, but the 
rocks of this scries have a general dip to the W. of N. 

3. Mica-Schist {of PortlemoHth Ferry ). — They would thus probably 
overlie the large muss of mica-scliist found along the shore to Portlc- 
mouth Ferry and bc^yond, which has previously been described. 
Similarly, this interbanded series, dipping northerly, seems along 
tlie estuary shores to overlie mica-sehist, about a quarter of a mile 
north-west of flood Hhelter. The schist, with one rolling over, dips 
northerly, although towards Watorhead it seems to change, but is 
not well exposed. The mica-schist is also traceable inland near 
Portlemouih church, and at places along the lanes south of Waterhead 
estuary, notably near Hawkshead. The strike here is well marked, 
still to about 10^ N. of E., and the dip is about to W. of N. 

Fstuary shores soxithwanl of Soitth Pool . — Passing now to exj)o- 
sures further eastward, we have rather more difficulty in deciding 
their relations. First, in completing our survey of the estuary shores, 
we tind along the arm descending fnun South Pool, south of the 
phy Hites already noted there, exposures of chlorite- or interbanded 
schists ; these extend southwards, and form the point east of Westor- 
eomb, and also tho cliffs of the opposite shore north and south of 
Gullet. The beds are partly normal chlorite-schist, such as those 
(juarried opposite Gullet, partly mica- and micaceo-chloritic bands, 
resembling those obtained from the main estuary. 

Parts of these beds are rather out of the direction of the strike of 
chloriU^schist from the westward ; but this, J think, might bo from 
a faulting of the district. The slickensided look iu the mica-schist 
of the point opposite Westercomb, the changed, variable and high 
dips of the Gullet beds and those opposite, all seem to supjK)rt the 
idea of faults having broken the country near. 8uch faults may 
have partly determined the linos of the estuary. If we suppose 
these chloritic beds to be equivalents of the IScoble- Point rocks, and 
to have been partly displaced to the southward, then there is some 
difficulty in accounting for the mica-schist, which forms the clifiFs 
nearly all the way from a little south of Gullet around the projecting 
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point and up the estuary branch to Waterhead. It seemed passible, 
however, that the rocks had been thrust northward and that the 
mica-schist might belong to the mtiss occurring at (yood Shelter, 
stretching westward, and probably, as we shall describe, eastward also. 

The Point, which projects where the two branches of the estuary 
join, is occupied by mica-schist much folded, varying in dip, often 
nearly vertical, and so crushed and slickcnsided that small frag- 
ments have quite a phyllite look ; indeed they split up into thin 
folia, so as to be almost describable as “ papery.’’ About one third 
the distance from the point to Waterhead along the northern sliore, 
those schists pass into mica-schist of more usual character, folded 
and gnarled, but dipping steadily to the W. of N., with one inter- 
banding of chloritic bods. 

Inland, eastward of South Pool . — Eastward of South-Pool estuary, 
we can trace the beds which arc successive!}^ cut out by the faulted 
junction, and which probabl}" form a downward succession. With 
the exception of the chlorite-schist which occurs first, whoso dis- 
turhanoo we may possibly correlate with that of the beds near 
(lullet, those inland exposures show a general di]) to th(^ N. or 
W. of N. Near Wilton and castw^urd of it, chlorito-schist occ\irs 
exposed by roadsides and in several (juarries; the dip is not altogether 
uniform, especially at- places approaching tlio boundary line, but is 
partly in the general northerly direction. Next, underlying, is a 
mass of mica-Bcbist crop])ing out around (’hivelstone, at and nort h- 
ward of South Allington, and cut by the main ffiult at Killingtou, 
having a uniform strike and northerly dip. There is ovidenoe of 
chlorite-hands occurring at j>lac(\s in the mica-schist. I would ven- 
ture to suggest that, possibly, this mass may he a continuation of the 
Portlemouth-Porry schist. Underlying the mica-s(diist, chlorite- 
schist again occurs (including some mica-hands) at Hickorlou, and 
is quarried on the south of the valley to the eastward. 

Summing up the succession in this northern area we seem to 
have, in descending order, as shown in the annex(.‘d section (fig, 4), 
which is only diagrammatic : — 

1. («) Interhaiided series, found south of ITalwell Wood, and on 
the opposite shore, also near Lower Jiatson. 

(6) A thick band of chlorite-schist, at Scohlo and at Snapes Point, 
west of Batson inlet and extending beneath Salooinlie. On the C43ast 
this might he represented by the Westercomb- Point and (lullet rocks 
and by those near Wilton and eastwards, but 1 rather prefer to place 
these with the interbanded series, 2 (6). 

2. (rt) Mica-schist north of the side estuary. 

(b) Interbanded series (including one or more marked masses of 
chlorite-schist) remaining on the southern shore of the side estuary, 
doubtfully including the Westercomb, Gullet, and AVilton rocks. 

3. Mica-schist of Portlemouth Ferry and of inland exposures 
occurring near Good Shelter and Waterhead, possibly including the 
rocks of the point south of Gullet, and probably continm?d in the 
CJlnvelstone, South Allington, and Killington exposures. 

4. C’hlorite- schist of Bickerton, w?hich T have not attempted to 
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trace westwards, so that its presence in the line of the annexed 
section is inferential. 

Fig, 4 . — Generalized Section across the Eastern Arm of the Estuary, 



Phyllites. 


IV, SuMMAKY. 

I. As to the relation of the South-Devon schists to the adjacent 
rocks, all observations which I have been able to make support Prof. 
Bonney’s statement that the slaty beds are markedly distinct from the 
true metamorphic rocks to the south, and tliat there is no evidence 
of progressive metamorphism in this district. 

II. I have indicated some additional illustrations in these meta- 
morphic rocks of the results following from the action of secondary 
forces. That both the chlorite- and the mica-schists, however 
originally formed, bad been later affected by lateral pressure is shown 
in Prof. Bonney s pai)or, whore ho several times alludes to the 
crushing of the one series and the crumpling of the other. The 
indications of a folding of layers in chlorite-schist are but rarely 
exhibited with clearness ; but such striictures as the transverse 
planes locally occurring, the pitted weath(*ring, and the “ arenaceous 
aspect” alluded to ])y Do la Beche, scorn partially duo to the effects 
of lateral pressure. Jn other examples there is a compressed look, 
evidencing apparently similar force differing in direction. The 
microscope has given additional evidence of the crushing of the 
chlorite-rock, showm in the breaking up of quartzose layers, the 
fracture of individual crystals, and the appearance of much secondary 
mineralization ; while a s(jueczing of the beds is indicated by the 
pressed-out form of the layers and the elongation of their constituent 
grains. In mica- and micacco-chloritic schists the pressure to which 
they have Iwen subjected has resulted in a crumpling of the layers, 
often in the formation of strain-slip cleavage-planes exhibited in 
hand-specimens and under the microscope, and at places has given 
rise to siickensided, crushed and even papery schists. The larger 
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effects of pressure are seen in the general folding of the beds with a 
dominant strike from east to west, and in the high dip of the strata, 
sometimes even vertical, thus indicative of a great thrust along a 
S. to N. line, no do\ibt in connexion with that which caused tho 
folding of strata in the long axial region, stretching from Devonshire 
away to the Hercynian range. 

III. In tracing strati graphical relations among the northern 
metaraorphic rocks, I have pointed out extensive examples of inter- 
bandings there occurring. Mica- and chlorite-schists alternate in 
thin layers or thicker bods over a fairly large area in the north, as 
they do also, perhaps more locally, in other parts, reminding one 
of the descriptions given by Prof. Bonncy, in his Presidential 
Address of rocks in more than one locality, where he asserts 
the necessity of some material distinctions in tho original bods. 
The mineral bands in these South-Dcvon rocks may be of an 
inch or a few inches in width, but often they are to be measured 
by feet, and, as 1 have shown, the alternating and generally oven- 
bedded series south of llalwell AVood consist of masscvs, on an 
average^ some 50 feet thick. The limit of each bed is often abrupt 
and distinctly marked off from the next in sncci'ssion, although 
many gradations can hv. obtained by collecting from particular and 
often 8e])arated arc‘as. If it should bo that we have h(‘re an 
example of a stratitication-foliation, this wdll lead us back to an 
anterior epoch wlien the great (Tiannel mountains were not, and 
vrill suggest to us th(^ wide problem of the origin of these rocks 
and the question of a priraai'y metaniorjdiism. 

I cannot conclude without expressing my indebtedness to Prof. 
Bonney, not only for the help his paper afforded me, but also for 
valuable suggestions and kind encouragement in this endeavour to 
carry on his work in the south of Devonshire. 


Quart. Journ, Ocol. Soc. (JHSO), p. 46. 
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51. On Bo ELDERS /oMiidJ in Seams o/Coal. 

By John Spencer, Esij,, F.G.S. (Read June 23, 1887.) 

In working the coalnseams of Lancashire, particularly in those scams 
found near the Ganiiister mine, from time to time isolated boulders 
have been discovered, the position of which it is not easy to explain. 

These boulders are not always of the same kind. They generally 
consist of granite, quartz, or quartzite, and probably of local rocks 
which do not particularly attract the attention of the workmen in 
the collieries. Th()y vary in size from an inch to six or eight inches 
in diameter, the largest being of granite. 

A fine specimen has lately been found at Old Meadows Pit, near 
Bacup, Lancashire, by Mr. John Lord, Bacup. It weighs (> lb. 
The granite is composed of quartz, reddish fcl8j)ar, and hornblende. 

This boulder was imbedded in the chief coal of the Rossondale 
district, the Gannister or Mountain Mine, at a distance of 180 ft. 
from the surface of the ground. Between this seam and the surface, 
besides sandstone's and shales, are found the Upper Foot or Bullion 
Coal, the Fortj^ Yards’ Mine, and a small Cannel Coal, as seen in the 
accompanying section : — 

Surface 

Sand si ones and shales. 

Oanncl Coal, 1 in 

Sandstones and slinlos . 

Forty Yards* Mine, 

2 ft. 3 in. 


Siindstones and shales. 


Upper Foot or Bullion 
8-18 ill 

Sandstones and shales . 

Gannister Coal, 

2 ft. 9 in. to 3 ft. 

There was no trace of disturbance in the strata near where the 
boulder was found. Similar boulders have been found at Crawshaw- 
booth and Goodshaw Hill, about four miles from Burnley, at Wholaw 
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Nook und Burnt Hills Coalpits, in the same district, and at Higher 
Dog Hill, Oldham. They are also said to occur in the neighbourhood 
of Leeds. 

The boulders in everj^ case are isolated. Sometimes they occur 
in the bed of coal, and sometimes at its junction with the over- 
lying rock. The boulders or pebbles, in the instances I have 
seen, are invariably waterworn and rounded. 

Two possible explanations of the occurrence of boulders in this 
anomalous position may be suggested, namely, transportal by being 
entangled in the roots or branches of trees, and the agency of floating 
ice. It is by the latter means, I tliink, that the boulders observed 
were in all probability conveyed to the spots where we now find 
tliem. The chief evidence in its favour consists in the presence of 
rocks brought from a distance, and the apparent absence of local 
rocks. 
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Abergele, tombstone in clmrcliyard oL 

iVA 

Aberli^d, section in sea-cliff "N.W. o{ 

■Bath House, 'lio. 

.4cer, sp., 290. 

Adv\r and Ouse watershed, section 
across the, 050. 

and Ariin watershed, section 

across the, (>50. 

Age of the rocks of the Malverns, 
534. 

Aldershot, Bagshotbedsof, 431 ; woll- 
seetiou at booth Camp, 434 ; wvll- 
borings at, 439. 

Town, section across, 438. 

..illoy of nickel and iron in New Zea- 
land rocks, Proc. 3. 

Allport, Mr. 8., award of the Lyell 
Medal to, Proc. 34. 

Alluvium of the A'ale of Clwyd, 97. 

Amphibolite at Roseoff. 317. 

Amphibolites of the He de Groix, 303 ; 
of the neighbourhood of Quijnperl6, 
311. 

Analyses of Gaiilt-inarl from Roydon, 
580 ; of Gaull-marl from Fancourt 
brickyard, 5Hft ; of hard Chalk- 
marls from Roydon and Farnliam, 
f)86 ; of Chalk-marls from Wilt- 
shire, Famham, and ITornir.gfK»a, 
587 ; of the Sponge-bed and Inoce- 
ramu8-bed at Hunstanton, 587 ; of 
the Chalk-marls of Grimston, Roy- 
don, and Dersingham, 588 ; of Red 
Chalk from Hunstanton, 588; of 
Japanese Piedmontite. 477 ; of rocks 
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from the Herefordshire Beacon, 
490, 499 ; of cucritc lava from 
Thlorsii, in Iceland, 498 ; of diorito 
from Swinyavd s Hill, 502 ; of the 
water of t\\e Terata Geyser, lfi9 ; 
of Bagshot Beds, 379. 

Angolat, 238. 

Anniversary Address of the President, 
Proc. 38-S2 . aSVc (iho ,Iudd, Prof. 
J. W. 

Aimiial Report for 1880, Proc. 8. 
Arclipcan rucks in Brittany, 319. 

rock.s in 8urk, llerm, uud Jethou, 

334. 

Arctic glaciers, 3>99. 

Ardr.nn, Carwiig, Ac. in Mull, gravels 
and leaf-bKls of, 270. 

, Mr. G. .4. J. Cole on tlie con- 
stituents of the gravel of, 270. 

beds, 270, 272. 

deposits, geological age of tlie, 

291-299. 

Head, diagrammatic elevation 

of, 271 ; sections in, 275, 278, 279, 

2 ^) 

Arenig Drift of the "Pale of Clwyd, 
74. 

Arinfomichns pmUhia^ 221, 

Arun, section across the valley of the, 
640. 

Basin, supcrfidal geology of the, 

637, 643. 

Arundel Park, 367. 

Ash ejecUKl from Mount Tarawera, 
185, 186. 

Ash Grange, ivell-boring at, 436. 
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Ash Green, section fiv)m Gravel-pit 
Hill, Aldersliot, to, 43ri. 

Ash-Green Station, well-boring at, 

g:j6. 

Ash Station, section at, 435, 430. 

Ashurst, section from, to Heufiield, 
(>50. 

Astartian, 201 : of the Bernese Jura, 
237; fossils of the, 238; of the 
Southern Jura, 244; fossils of the, 
244. 

Augite-aride^ito ejected from Tara- 
wera, 184. 

Australian Tertiaries, Revision of the 
Echiuoidea from the, 411. 

Bacchiis-Marsh h'ds, 11)1. 

Bacu]), Boctioii of Old Meadows Pit, 
near, 734. 

B&g, Cretaceous Echinoidea from 
near, 150. 

Bagshot Beds ol* the London Basin, 
374. 

and London Clay, 431 ; 

table of borings in the, 441. 

Bagsliots in the VValton-Cominon sec- 
tion, 444. 

lialana pritNic/enm, 1 ). 

Balcenida*, 8. 

Balaiuodon, 14. 

lialienopfcra dfjhifa, 11 . 

— - — CMuarginata, 12. 

Bannalec, 304, 305. 

Bann6, 231). 

Barkly, Sir Arthur, on the slip of a 
peat-bog in tlio l^alkland Islands, 
J^oc. z. 

Barret Ilingstend, Melbuurn Rock at, 
571 ; section at, 571. 

Barton Bendisli, Melbourn Rook 
near, 507. 

Basalt s of Ardtun Head, 272. 

Bassecourt, 238. 

Beach, ancient, and boulders, near 
Brauiiton and Croyde in South 
Hevou, 057. 

, shell-, at north end of Herm, 

833 ; raised, on Jethou, 333. 

Bearwood, section through, 388. 

Bedding, absence of true, among tlie 
crystalline rocks of the Malvern 
Hills, 534. 

Beetle, wing-case of, from Ardtun, 
289. 

Bedcmnilella plena, zone of, 5(53. 

Beleninoziphius, 15. 

Belon river, intrusions of granite in a 
micaceous gneiss on the, 313. 

Bernese Jura, upper Jurassic rocks of, 
230. 

Bigsby Gold Medal, award of the, 
to Prof. C. Lapworth, Proc. 37. 


Biotite-^eiss, from North Hill, Mal- 
vern Range, 494 ; from Swinyard’s 
Hill, Malvern Range, 502, 503, 
504. 

Boar’s Head, Rotomahaua, 171. 

Bathmetia antiqua, 291. 

Bolt Head, crystal of Kyanite in 
mica-schists from near, 724. 

Bonney, Prof. T. G., on the structures 
and relations of some of the older 
rocks of Brittany, 301. 

Borings in Kent, 197 ; in the London 
Clay and Bagshot beds, 441. 

Boulder, of grey porphyry at base of 
cliff south of Saunton Down, ($65 ; 
of red granite in ancient beach 
south of Sauntou Down, 666. 

Boulders, northern, transportal of, to 
the Vale of Clwyd, 83. 

, ancient, near Braiintou and 

Croyde in South Devon, 657. 

, quartzite, and grooves in the 

Roger Mine at Dukiufield, 599. 

found in seams of coal, Mr. J. 

Spencer on, 735. 

Bourley Bottom, 440. 

Brackmdl. section throiigli, 388. 

, sections of Bagshots near, 387. 

Braunton, in South Devon, ancient 
beach and boulders near, 657. 

“ Brassil,” 553, 557, 559, 584. 

Brazil, Prof. (J. A. Derby on Nephe- 
line-ro(?kB in, 457. 

Brecqhou, granit ic rock of, 330, 331 ; 
honiblt^nde-schiKts of, 32;'>. 

Brencis, 242, 243, 246, 247. 

Bressancourt, 239. 

Brick-i‘art b of Hatch, 446 ; probable 
geological ])()stion of the, 449. 

of Ongar Hill, 452. 

Bridlington, fossils of the drift of, 
91, 93-97. 

Brittany, structures and relations of 
rocks of, 301 ; resemblances of 
rocks of, to those of other localities, 
320. 

Brodie, Rev. P. B., award of the 
Murchison Medal to, Proc. 31. 

, notes on the Upper Keuper 

section at Shrewdey where fish were 
found, and on the Trias generally 
ill Warwickshire, 540. 

Broken Basin. Rotomahana, 171. 

Brynelwy, drift near, 82. 

Brynypin, gravels of, 8G. 

Bryozoa, Chilostomatous, from New 
Zealand, 40. 

, OyeloBtomatous, from New Zea- 
land, a37. 

. Sec also ** Polyzoa.” 

Buckhurst, section through, 388. 

Burgh, traps aud leaf-beds at, 283. 
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Burons, Sark, 327. 

Burwell, Chalk-marl and Totternhoe 
Stone at, 553. 

Cabo Frio, occurrence of foyaito at, 
457, 458. 

Cae G-wyn Cave, 104, 108 ; flint flake 
from, 108. 

Caerlmg, sea-shellB in drifts of, 80. 
Cttisar’s Camp, Aldershot, 433, 438, 
430, 441). 

“ Calcaire a Kt^rinces,” 235, 248, 260 ; 

fossils from the, 236. 

Caldas, Pocjos d«, occurrence of foyaite 
at the, 457, 460. 

railway, 461. 

region, sketch-map of the. 470. 

Callaway, J>r. O., on the alleged con- 
Torsiou of crystalline wjhi.^^Ls into 
igneous rocksin County Gahvay,r>l7. 

, preliminary irupiiry into the 

genesis of the crystalline schists of 
the Malvern Hills, .*>25. 

Calloviau, 255 ; of the Hernese .Iiira, 
230; fjssils of the, 231; of the 
vSonthern Jura, 242. 

Cambridge Creonsand, Patrh'umurm 
tTinroc ration, Seeh'y, from the, 2l(J. 

^ distributioJi of the. in 

West Sidlolk and Norfolk, .545; 
minute structure of the, in West 
SiilVolk and Norfolk, 581 ; of Suf- 
folk and Norfolk, 503. 

Carn])ina.s, railway from, 460, 4t)l. 
Canipo Grande, occurrence of foyaite 
at, 457, 458.^ 

Caquerelle, 236, 

Carboniferous Murchl'iuula% Miss J. 
Honald on some, 617. 

— strata., lower, of Scot land, sjjccies 

of the genus Lons- 

dale, in the, ,3.*}. 

atid Hawkeshury series. New 

South Wales, glacial action in the, 
HK). 

or Permian deposits in Sao 

Paulo and Parana, 461. 

Carsjiig, Ardtuu, Ac. in Mull, gravel 
and leaf-beds of, 270. 

, section of lower part of cliff at 

Malcolm's Point, 282. 

Cascata SUtion, rocks near, 467-4(i0 ; 
foyaite near, 467, 468, 470; phono- 
liU* near, 471. 

Catopygus elegans, 420. 

Caves and ciive-deposits of the Vale of 
Clwyd, 73. 102, 10.5. 

Cefn caves, 103, 107. 

Meiriadog, caves on, 104. 

Cellepora albirostris, 68. 

coronopua, 68. 


Cellepora cosiata, 68. 

decepta^ 60. 

trident iculata, 68. 

sp., 70. 

Cercopid, hind wing of a, from Ard- 
tun, 280. 

Cetacea of the Suffolk Crag, 7. 

from the Crag, list of, 17. 

Cetotherium, 12. 

Chiilk-marl of West Suffolk and Nor- 
folk, minut e structure of the, 582. 

, fossils of tile, in West Suffolk 

and Norfolk, 573; chemieal eoni- 
j>osition of the. in West Suffolk and 
Norfolk, 586 -588; from the Roydon 
cutting, 586 ; from Wiltshire, Karn- 
hani, and lIorningsiMi, 587 ; from 
liunstanton, .587 ; red marls from 
Griinston, Roydon, and Dorsing- 
ham. 588. 

of West Suffolk and Norfolk, 

50.1. 

and Totternlioe Slone in West 

Suffolk and Norfolk. 552. 

Chalk Valleys, dry. and Cooinln^Rock, 
Mr. 0. Reid on tlu‘ origin of, 364. 

Change ol' strike and faults in the 
I.'pp(‘r Cretaceous of West Suffolk 
and Norfolk, 580, 51MI, 

Chapel du Mur, 318. 

Chasseral, 244. 

Chatham, depth of second boring at, 
107. 

Chattenden, well-boring at, 108. 

Cliaux-de-F<)n(ls, 2-12. 

Chemical coinposition of the Gault 
and Chalk-marl in West Suffolk 
aiul Norfolk. 585 ,588. 

Chertsey, section t.hruogh, 453 ; Lon- 
don Clay at, 452, 451. 

Cheshire and Lancashire, fossils of 
the Drifts of, 80, O.*}- 07. 

Chl<)ritt^-.^c]lists of South Devon, 710, 
726. 

ChilostoinatouK Rryozua from New 
Zealand, 40. 

Chloritoid schists of tin? He de Groix, 

^k)3. 

Chmidrosfcidi aripeunertddrH, 605. 

Chvvej:iphiui^ jtlaiu'ro, drift, 14. 

Chronoiogv, geological, of Sark, 
3.34. 

Cinotipora elegans. .‘>41 . 

Cleavage, strain-slij), 72.5. 

Clilf of consolidated sand, Saunton 
Down, N. Devon, 6<>1. 

Clwyd, Vale of, Drifis of, 73; fossils 
of the Drifts of, 9.‘i 07 ; clas.siffca- 
tion of the Drifts of, 114. 

Clwydian Drift, 70. 

Clypeaster folium, 415. 
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Clypeaster gippslandicus, 4l€u 

Coal-seams, Mr. W. S. Oresley on 
tbe formation of, (>71. 

Coal, Mr. J. Spcnwr on Boulders 
found in seams of, 7ol\. 

Coast-line, change of, in North Wales, 
99. 

Coathara Birs, section at, f»42. 

Colwick Wood, near Nottingham, 
notes on Triassic Bods at, 542- 

Colwyn Bay, section in sca-clitf N.W. 
of Bath Bouse, Ahorrhyd, 79; fossils 
of the Drifts of, H9, 99 97. 

Combe Chavatte, 299, 294. 

Grcde, 242, 244. 245, 249, 248. 

Conglomerates and sandstones of the 
Corrego do (iiiartel, 492. 

Contorted strata, overlain by fMirrcnt- 
bedded de])OHils, in the llawkesbury 
series of Australia, 194, 195. 

Conlour-maj) of jiart of tiio South 
Downs, 990. 

Convers, 242. 

Conversion of crystalline schists into 
igneous rocks in County Galway, 
‘Dr. C. Oallawuv on the alleged, 
517. 

Coogee Bay, near Sydney, N.S.W., 
contorted strata overlain by curront- 
bedded deposits at, 194. 

Coombe roek, 995 ; IVissils of the, 
995; formation of the, 9t>5. 

and dry chalk valleys, 

Mr. 0. Reid on th(5 origin of, 9ti4. 

Coral Rag. 259, 29t). 

Corallian, 25.S, 259 ; of the Bernese 
Jura, 299 ; of tlie Southern Jura, 
249; tbssils of the, 244. 

Coralline Oolite, 259, 2(50. 

Oornbrash, 255, 

Corrego do (^.uartel, rocks of the valley 
of tlie, 491 ; st'ct iou of deeoinposed 
dyke in the, 4()9. 

Correlation of tin* U]>l>cr Jurassies of 
the northern and central Jura, 248, 
249 ; of English and Swiss lJj)per 
Jurassic de]>osiis, 259 298 ; accord- 
ing to Oppol, 250, 254 ; aoeordiug 
to Wajigen, 252, 254 ; according to 
Renevier, 259, 254 ; of Purbeck 
and Portland in the Jura and 
England, uecording to Maillard, 
29)9. 

Cori/ltfcs Mnc</narrii, 290. 

Oourgenny, 299. 

Oourrendiin, 299, 299. 

Crag, Suflblk, Cetacea of the, 7. 

Cram>horfi(tra wahmAu(re?iiff\ 949. 

Cretaceous of India and the Isle of 
Wight, Dinosaurian vertebrie from 
the, 15(k 


Cretaceous strata of the Lower Nar- 
bada Region, Echinoidea of the, 150. 

series in West Suffolk and Nor- 
folk, lower part of the Upj>er, 544 ; 
map of tlie outcr(»p of the, in West 
Suffolk and Norfolk, 54(*.. 

Creux Derrible, Sark, 925. 

Harbour, hornblende-schists 

overlying gneiss at, 928. 

Harbour gneiss, 929. 

Cribrilina figularis, 59. 

monoceros, 52. 

radiata, var. Endlieheri, 59. 

Crirnpleslmm, Chulk-inarl at, 557. 

Criaina ranr.i Uaia^ 949. 

Crocodile, Procmlian, Prof. Seeley on 
a, 212. 

Croyde, in South Devon, ancient 
beach and boulders near, 957. 

Crystalline scliists, on the alleged 
conversion of, into igneous rooks, 
in County Galway, 517. 

of the Malvern Hills, ,525. 

Cuekraere Basin, superficial geology of 
the, ()48, 

Cwan Nannereh, grayels of, 89. 

Oyclostoiuatous Bryozoa from New 
Zealand, 997. 

“ Dalle nneree,” 242, 248. 

David, Mr. W. E., evidence of 
glacial action in t he Carboniferous 
and llawkesbury series, New South 
Wales, 190. 

Davis, Mr. James W., on (7w)if?roi>ieus 
tU'ijwHseroidrs, Agassiz, 905. 

Delemont , 299. 295, 299. 

Dolphinifhe, 1 5. 

Dentition and affiuitiesof the Selachian 
genus rit/choihia, Agas.siz, 121. 

of a I'riassio Saurian {^Galesaurufi 

pftonicps, Ow,), 1. 

Deposits, subaerial, of tbe Southern 
Wealden area, 949. 

Derby, Mr. O. A., on neplieline-rocks 
in Brazil, with sjieoial reference to 
the association of phuiiolite and 
foyaito, 457. 

Derbyshire coal-field, south, evidence 
from the, as to the formation of 
coal-seams, 971. 

Dei'eham, West, Chalk -marl near, 
557. 

Derrible Bay, Sark, 925. 

Dersingham, Tolternhoe Stone at, 
559 ; section at, ,5(}0 ; tlniming out 
of the Gault at, 552. 

Devil’s Dyke. 967. 

Devonshire, North, Prof. Hughes on 
tlie ancient beach and boulders near 
Braunton and Croyde, in, 957. 
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Deyonshire, South, Miss 0. A. Kaisin 
on the inetaniorplhc rocks of, 715 ; 
map of part of, 710. 

Diabase, altered, from the Hereford- 
shire Beacon, Malvern Bange, 4fH> ; 
from the Holly busli Pass, Malvern 
Kange, 5<K). 

Diagram showing alternation of Gault 
and Lower Clialk botwecii Cam- 
bridge and Hunstanton, 505. 

— showing the thinning-out of the 
Gault, and the amount lost by 
erosion between Cheddington and 
Dersingham, 505. 

Diastopora siirniensis, var. perangusta, 
342. 

SLiborbiciilaris, 342. 

Diatoms, freshwater, presence of, iii 
Bagshot bods, 381. 

“ Digionicrates,” 520, 52.‘>. 

Dingle, between tlie Worcestershiro 
Beacon and North Hill, rock from 
the, 404. 

Dinosauriaii remains in the collection 
of A. Leeds, Ks<i.. of Eyebury, 
N ortlian 1 ptonsl i i re, ( >0.‘ »- 

v<‘rtchra* fnau the Cretactvnis of 

India and tlx? Isle of Wight, 150. 
Diorite, of Galway, foliation in the, 
522 ; sections of, in granite near 
Glendalougli, 520, 521. 

, jointed, section of granite in, 

near Glendalougli, 510, 52th 

, liorn blonde-gneiss formed from, 

in the Malvern Hills, 528. 

, from the Dingle, Malvern 

Kange, 404 ; from the W<irc(‘ster- 
shire Beacon, Midvoni liange, 400. 
Diorite-gnei.ss. du])lex, .'■»32 ; granite-, 
533. 

Diorites from North Hill, Malvern 
Range, 402, 403. 

from Swiiiyard’s Hill, Malvern 

Range, 501, 5tt2. 

in tlie Hcliists of the Malvern 

Hills, 52ti. 

of the neigh bourliood of Glenda- 

lough, 510-521 . 

Dipki/pkylluiii, Mr, J. Tliomson on 
the genus, 33, 

Blackwoodi, 33. 

, var. approxunatum, ,30. 

cimcinmim^ 35. 

cylindriatm^ J)0. 

gracile^ 37. 

Uitiseptafum, 37. 

, var, gigante^/m, 37. 

^ iiitf rntptum, 37. 

Dixeart Bay, Sark, 325. 

Dol, section at bend of river Elwy, 
near, 75. 


Dolerites, fragments of, iu the Essex 
Drifts, 355. 

Donald, IMiss Jane, on some carbon- 
iferous species of Murchisovia in 
our public Museums, 017. 

Donations to the Library and Museum, 
iVoc. 83. 

Dover, well-lioring at the convict- 
prison at. 100. 

Drift, Clwydian, 70 ; marine, of Ncirtli 
Wales, 70, 83; Essex, rocks of, 
351. 

Drifts of the Vale of Clwyd, &c., 73 ; 
table of fossils of the, 03 07. 

Dry Chalk Valleys and Coombo rock, 
on the origin of, 304. 

Duk infield, grooves and quartzite 
boulders in tlie Rogi*r Mine at., 500, 

Duncan, Prof. P. ]M., on a new genus 
of Madrepor.aria. i^GlgphdstrfPa), 
with remarks on the morphology of 
(iJgphasirtra Forhvsi, lOd. H., 
fnnti the 3'ertiaries of Maryland, 
U. 8., 24. 

, on the Kclunoidea of the Creta- 

eeons strata of tlie Lower Narbada. 
Region, 150. 

, revision of ihe ICcliinoidea from 

the Australian Terti.vries, 411. 

])ii])le\ diorite-gneiss. 532. 

Durnten, lignite (d‘, 101. 

Dykes, ini rusivo, in Sark, 332. 

Earthquakes during the eruption of 
Mount. 35irawora, New Zealand, 
IS 11 S3. 

East hamp.st ead Chureh, sections of 
Bagshot s rn»ar, 387- 

Echinobrissns austral iic, 420. 

Ecliinoiilea of llu' Ct’ctacreous strata o4’ 
the Lowa r Narbada Region, 150. 

from tho Aiastraliun ^'erliaries, 

411. 

Kchinolainj)aB ovulum, 4*20. 

Ej(*ctanienta of ilui Tarawera erup- 
tion, 184. 

Ekaterinc'hourg, notice of Exhibition 
to be held at, Proc. 86. 

Elfieolite-syeuite in Brazil, 457. 

EDden, Mr. J. V., on the 8nj)erficial 
Geology of tho Southern Part of tho 
Weald en an.‘a, 337. 

Elwy, River, section at bend of, near 
Dol, 75> ; sectimi in the cast hank of 
tlio, below the Mcmnti, St. Asaph, 
81. 

England, Upper Jurassic Rocks of, 
correlation of, with those of the 
Swiss Jura, 22t). 

Entalophrra iniricaria^ 340. 

wanganuiensinj 310. 
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Epidosite from the Worcestershire 
Beacon, MaWern Bange, 496. 
Epidote, peculiar Japanese variety of, 
479. 

liquisetum Campbelli, 289. 

Pliocene type of, from Nubia, 
molar of, 161. 

Eriswell, Middle Chalk at, m. 
Erosion, marine, of the South Downs, 
364. 

Erratic blocks of the Southern Weal- 
den area, 6)49. 

Erupt ion of Mount Tiirawera, 178. 
Essex Drift, rocks of the, 35 J. 

Kuoetus arnhlyodmu 13. 

Eucrite from the Herefordshire Bea- 
coii, Malvern Range, 497. 

lava from 'l'hj(')r 8 a, in Iccdand, 

analysis of, 498. 

EuspatanguB Laulsn, 426. 

murrayensia, 42(». 

rotundus, 426. 

Eyebury, NortliainjilonsUirc, Dino- 
sanriau remains from tlio Kim- 
irieridgo Olay near, 693. 

l^alkhmd Islands, Sir A. 'Darkly on 
the slip of a peat-bog at Stanley, in 
the, l*roc. 2 . 

False-bedding in the Bagshot beds, 
377. 

Fascicularia. tnbipora, 344. 

Faults of the Malvern 11 ills, 483, 484, 
485, 487. 

and change of strike in the 

Upper Cretaceous of West Suffolk 
and Norfolk, 5S9, 590. 

Felsite, mica-schist formed from, in 
Raggedstoue Hill. 530. 

Felsil.es, fragments of, in the [Essex 
Drifts, 353. 

Felspar-porphyrifes, fragments of, in 
the l^ssex Drift.«, 354. 

Feltwell, Grey Chalk at, 555 ; section 
near, 555. 

“ Fer sous-oxfordien,” 232, 242, 255, 
256; fossils from the, 232, 248. 
PTymion Demio, eaves of, 104, 108; 
fossils from, 110 ; view of Old 
Fence at. Hi. 

‘Fincham, Totternhoe Stone near, 558. 
Fisher, Rev. O.. award of the Balance 
of the Lyell Geological Fund to, 
Pree. 35 . 

Fishes, remains of, from the Keuper 
of Warwick and Nottingham. 537. 
Fissures fonned in the ground during 
the eruption of Mount Tarawera, 
183. 

Fittleworth Common, section on, 6J19. 
P’lora of the Ardtun leaf-beils, 288. 


Flysch, supposed glacial origin of the,. 
396. 

Foliation of the igneous rocks of Gal- 
way, 522, 524. 

Fontenois, 239. 

Fordliam, Totternhoe Stone at, 553. 
Fort de la Croix, 303. 

Fossils, distribution of, in the Drifts 
of the Vale of Olwyd, Moel Try fan, 
Minera, Lancashire and Cheshire, 
Macclesfield, Kelsea, and Bridling- 
ton. 93-97. 

of the Callovian of the Bernese 

Jura, 231; of the “Terrain a 
chailles siliceux,” 234 ; from the 
“ Oulilhc Corallienne " and “Cal- 
caire a Nerin<5os,” 236; of the 
Astartian, 238; of the Pterocerian, 
239; of the Callovian of Pouil- 
Icrcl. 242 ; of the Oxfordian of the 
Southern Jura, 243; of the Coral- 
lian, 244; of the Astartian, 244; 
of the Pt (‘vocerian, 246; of the 
Giiult. in West Suffolk and Nor- 
folk, .571 ; of the Chalk-marl in 
W^est Suffolk and Norfolk, 573 ; of 
the Totternhoe Stone, 577 ; of the 
Grey Chalk in We.st Suffolk and 
Norfolk, 579 ; of the Melboum 
Rock in West Sufi'olk and Norfolk, 
.580. 

Fox Dills, 437. 

Foyaile and phonolitc, association 
of, in nephcline rocks in Brjizil, 

457 . 

, phonolito- and crystalline in- 
clusions in. 408 . 

, inclusions of, in phonolite, 459, 

467. 

Gahbro, hornhlcndc-, from North. 

Hill, Malvern Range, 492. 

Oa/esaKr/fs 1 . 

Gal\^ay, Oouiviy, on the alleged con- 
vei*sit)U of crystalline schists into 
igneous roclis in, .517. 

, rocks of, 517 ; gneiss of, 523, 

524. 

Gardner, Mr. J. St nrkic, on the loaf- 
beds and gravels of Ardtun, Car- 
saig, &,c. in Mull, 270. 

Garnet, peculiar Japanese cn stals of, 
479. 

Gault of West Suffolk and Norfolk, 
51K). 

, chemical composition of the, in 

West Suffolk and Norfolk, 585, 
586 ; marls from Roydon and 
Griinstvin, 585, 586; marl from 
Faiicourt brickyard, 58t>: distri- 
bution of the, in West Suffolk and 
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Suffolk and ‘Norfolk, 5^. 

Oayton, Tolternlaoe Stone at, 558; 
exi[)OauTe oi Grey Chalk at, 5h8; 
section at, 569 ; 'Melbourn Rock 
near, 569. 

Genesis ot* the crystalline schists of 
the Malvern Hills, 525. 

Geology, superficial, of the southern 
part of the Wealdcn Area, Mr. J. 
V. Elsden on ihe, 637. 

Giant Buttress, Rotoinahana, 170. 
Glacial action in the Carboniferous 
and Hawkesbury series, New South 
Wales, 190. 

beds. Carboniferous, in Aus- 
tralia, l^iX). 

Period, considerations on the, 

with reference to the antiquity of 
man, 393 ; dates assigned to, 393- 
395. 

periods, su])posed recurrence of, 

39.5, 396. 

Glacier-movements, seasonal fluctua- 
tions of, 398, 401. 

Glaciers, arctic, phenomena of, 309. 
Glauconitic marl at Stoke Kerry, 548, 
557 ; at Criniplesliam, 557 ; of West 
Suffolk and Norfolk, minute struc- 
ture of the, 582. 

Glaucophaneainpliibolites of the He de 
Groix, 303. 

Glendalough, igneous rocks of the 
neighbourhood of, 519-522. 
Glohicephalus uncidens, 16. 

Glovelier, 2.31, 239. 

Glypha^tra^a Forhrsi, Ed. & Tl., from 
the Tertiarics of Maryland, U.S., 
24. 

Glypiosfrohus europaus, 289. 

Gneiss, banded, of the Pouldu, section 
of contorted, 308. 

, biotite-, from North TIill, Mal- 
vern Range, 494. 

, hornblende-, formed from dio- 

rite, in the Malvern Hills, 528. 

, hornblendic, from the Here- 
fordshire Beacon, Malvern Range, 
496. 

, micticeous, intrusions of granite 

in, on the Belon River, Brittany, 
313. 

, mica-, formed from granite, in 

. the Malvern Hills, 528. 

, duplex diorite-, 523; granite- 

diorite-, 533. 

of Galway, 523, 524. 

Gneisses of Quimperl6, 305, 307, 
308. 


— - and other crygtaUvne rooVs ot 
the Malrem Hilla, 482, 483. 

rocks, association of, with ig- 
neous masses in the Malverns, 
53d. 

Goathurst Hill, section through. 388. 

Gobat,234. 

Gorrick Plantation, section through, 
388. ^ 

Goyag range, 457. 

Grand Moie, Sark, 327. 

Granite, intrusion of, in a mic.aoeous 
gneiss on Belon River, Brittany, 
313. 

, overlying, of Sark, 328. 

' — , sections of, in jointed diorite, 
near Glendalough, 519, 520. 

, sections of diorite in, near 

Glendalough, 520, 521. 

of (lahvay, foliation (ff the, 522. 

— ~, mioa-gneiss formed from, in the 
Malvern Hills, 528. 

from the Worcestenshiro Beacon, 

Malvern Range, 495. 

or pegmatite, from Swinyard’s 

Hill, Mnlvorn Range, 50 1 . 

, bonkler of red, in ancient beach 

S. of Saunton Down, 666. 

fragment B, abMcnco of, in the 

Essex Drift, 352. 

G ran ih d i ( > r i te-gi i e i ss, 533. 
Granite-vein, (tontorlod, in gneiss, 
527. 

Granites near Rosc-off, 316. 

Grauulitc from llie Woreeslcrshiro 
Beacon, Malvern Range, “194. 
Granulites, fragments of, in the Essex 
Drifts, 358. 

Grass- tree, Carboniferous glacial bods 
at, 192. 

Gravel of Ardtuii, Mr. G. A. J. Cole 
on the constituents of the, 276. 
Gravels and leaf-beds of Ardtun, 
Carsaig, &c. in Mull, 270. 
Gravel-pit Hill, Aldershot, section 
from, to Asli Green, 435. 
Greenland, great ice-shoot of, 399. 
Greensand, Cambridge, in West Suf- 
folk and Norfolk, 545. 

, , J*atricosauru8 merocratus, 

Seeley, from the, 216. 

Gresley, Mr. W. S., on the formation 
of coal-seams, as suggested by evi- 
dence collected chiefly in the Lei- 
cestershire and South Derbyshire 
coal-fields, 671. 

Grey Chalk of West Suffolk and Nor- 
folk, 590; fossils of the, 679; 
minute structure of the, 584. 
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Orimston, Gault near, 549, 651 ; 
boring near, 550. 

Groom, Mr. T. T., on some new fea- 
tures in Pelanechbius corallinus^ 
704. 

Grooves and quartzite boulders in the 
Roger Mine, at Dukinfield, 599. 

Halleflinta, JiOO, 307. 

Hall Sands, boundary of slaty and 
metamurphic series at, 718. 

Harnbleton Oolite, 2.59. 

Hastings, Hctaromickm valdmsis from 
the Ilastings Sand of, 212. 

Hatch, brick-earth of, 440, 449. 

Hatch-Farm clay-pit, Woburn Hill, 
section in, 447, 448. 

Havre Gosselin, Sark, 325. 

Hawkesbury and Carboniferous Se- 
ries, JVew South Wales, glacual 
action in the, 190. 

Heaoham, Melbourn Rock at, ,570; 
section at, 570; Totternhoo Stone 
near, 5(U. 

Henfiold, section from Ashurst to, 
050. 

Herefordshi re Beacon, Mel vern Range, 
sect ion tlirough the, 488 ; rocks 
from Ihe, 490-51 H) ; analyses of 
rocks from the, 498, 499. 

Herm, granitic rock of’, ,332, 33.3, 
334 ; sliell-bcaoh at North end of, 
333. 

, rocks of, 322.. 

Herpetocetus scaldicnsis, 13, 

Hessle IkhIs, sludls of, 90. 

Hetorocetus, 12. 

Ileterofiora mipieroiisis, ,348. 

iwjlliculnta, ,348. 

Heterostwhit'^ vahlntsii}, 212. 

Hill, Rev. E., on the rocks of Sark, 
Ilerm, and Jethou, 322. 

Hill, Mr. W., and Mr. A. J. Jukes- 
Browne, on the lower part of the 
Up}>er Cretaceous Series in West 
Suffolk and Norfolk, ,544. 

Hillingtou, section at, 509. 

Hookwold, Grey Chalk at, 555. 

Holasfer avstraJife, 420. 

difflcilis, 421. 

subglobosus, zone of, 503. 

Hollybush Pass, Malvern Range, rock 
from, 600. 

Holmston Camp, well-boring at, 204. 

Hope Cove, boundary of slaty and 
metamorphic series at, 715. 

Hoplooetus, 14. 

Hornblende-gabbro from North Hill, 
Malvern Range, 492. 

Horablende-gueiss, formed from dio- 
rite, in the Malvern Hills, 528. 


Hornblende-schists of Sark, 324; false- 
bedding in, 324 ; overlying gneiss 
in Sark, 327, 328; overlain by gra- 
nite in Sark, 330. 

Hudleston, Mr. W. H., supplementary 
note on the Walton-Common Sec- 
tion, 443. 

Huelgoat, ,318. 

Hughes, Prof. T. M‘=Kenny, on the 
Hrifts of the Vale of Clwyd, and 
their relation to the Caves and Cave- 
doposits, 73. 

, on the ancient Beach and 

Boulders near Braunton and Croyde 
in South Hevon, 057. 

Hulke, Mr. J. W., award of the Wol- 
laston Cold Medal to, Proc. 30. 

, on some Hiiiosaiirian remains in 

the collc(;tion of A. Leeds, Esq., of 
Eyebiiry, Northamptonshire, OOi 

Hungry Hill, 440. 

Hunstanton, ox))osure of Chalk-marl 
and Tot.terniioe Stone in cliff at, 
5(il ; BOctioii of cliff at, ,502 ; Red 
Olialk of, 503 ; S]>onge-bed at, 503 ; 
Grey Chalk at, ,571. 

Hutton, Capt. F. W., the eruption of 
Mount Tarawera, 1 78. 

Huxley, Prof. 3M[., on Hfjperodapedon 
Gordorii, 075. 

JJt/of.heriion, jaw of, from the Pliocene 
of India, 19. 

2}eriiHcme^ 19. 

Hpfurodapedon (iordmiy Prof. Huxley 
upon, 075. 

Hifpervodon, sp., 14. 

Ice-action, e\ idenco of, in Carbonife- 
rous deposits of Australia, 192, 193 ; 
in tlie Hawkesbury scries of Aus- 
tralia, l‘,>3, 194 ; in Siluro-Devouian 
becks in New South Wales, 195. 

Ice-sheet, of Greenland, 399. 

Ice-sbeets of Europe and America in 
Ghicial limes, 401). 

Iceland, analysis of eucrite lava from 
Tlij(>r8a in, 498. 

Idmoiiea contort a, 339. 

ramosa, 339. 

serpens, il39. 

Igneous masses, association of gneissic 
rocks with, in the Malverns, ,533. 

rocks, effects of intrusion of, in 

Brittany, 319 ; of Galway, 518, 524 ; 
foliation of the, 522; age of the, 
523. 

, on the alleged conversion 

of crystalline scliists into, in County 
Galway, 517. 

Iguapd valley, occurrence of foyaite in 
the, 457, 4G0. 
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He de Groix, 302. 

Implements, stone, from Pontnewydd 
OaTe, 116. 

India, jaw of Hyofherium from the 
Pliocene of, 19. 

and the Isle of Wight, Dino.sau- 

rian vertebra! from the Cretaceous 
of, 156. 

Inholines Farm, section at, 645. 

Inject ion -schists in the Malvern Hills, 
532. 

Interglacial warm periods, 307. 

Iron and nickel, peculiar alloy of, in 
some New Zealand rocks, Proc. 3. 

Irony concretions in thollagshot beds, 
378. 

Irving, Rev. A., the P}iy.sical History 
of the Bagshot beds of the London 
Basin, 374. 

Isle of Wight and India, Dinosaurian 
vertebra! from the Cretaceous of, 
156. 

Islcham, Totternhoc Stone at, 553; 
well-section near, 5.54. 

Itacolmnite of t he Corrego doQuartel, 
461 ; of the Rio dus Antas, 471. 

Itainbc, occurrence of foyaite in, 460. 

Itatiaia, oeciirrence of foyaite in the 
peak of, 457, 459. 

Jajmn, occurronco of ])iodniontite- 
scliist in, 474. 

Jethou, rocks of, 322; granitic rock 
of, 332, 333, 339 ; raised beach on, 
33;i. 

Jones, Prof. T. R., note on Xi()7i?Hff- 
lifea rkyans, Sowerby, and other 
English Numinulit.es, 132. 

Jougne. 245. 

Judd, Prof. J. W. fPresideiit), Address 
on presenting the Wollaston Gold 
Medal to Mr. J. W. Hnlke, Proc. 30 ; 
Address on presenting the- Balance 
of the Wollaston Donation Fund to 
Mr. 13. N. Peach, Proc. 31 ; Arldrees 
on pre.senting tlio Mure I lison Medal 
to tlic Kev. P. B. Brodie, Pf’oc. 31 ; 
Address on handing the Balance of 
the Murchison Geological P’und to 
Dr. H. Woodward, for transmission 
to Mr. R. Kidston, iVoc. 33; Ad- 
dress on handing the Lvell Medal 
to Prof. G. Bonney, for transinis- 
sion to Mr. S. Allport, Proc. 34; 
Addre.s.s on presenting the Balance 
of the Lyell Geological Fund to the 
Rev. O. Fisher, Proc. 35 ; Address 
on presenting the Bigsby Gold 
Medal to Prof. C. Ijapworth, Proc. 
37. An niversarj' Address, February 
18, 1887 : — Obituary Is^otices of De- 
Q. J. G. S. No. 17£ 


ceased Fellows: the Earl of Enni- 
skillen, Proc. 38 ; Sir C. J. F. Biin- 
bury, Proc. 39 ; Mr. George Busk, 
l^roc. 4.0 ; Mr. J. A. Phillips, Proc, 
41 ; Mr. H. M. Jenkins, IVoc. 44; 
I)r. H. B. Holl, Proc. 46 : Mr. Caleb 
Evans, Proc. 47 ; Rev. W. Downes, 
Proc. 48 ; Prof. F. Guthrie, Proc, 
48 ; Mr. A. Grote, Pr<H\ 48 ; Dr. 
Hermann Abich, Proc. 49 ; Prof. 
G. Guiscardi, Proc. 50; and M. F, 
L. Cornet, l*roc. 50. Address on 
the work done by tlie Society and 
its Fellows, on the progress of 
geology, and on petrological iuves- 
tigat ions, Proc. 5 1 . 

Jiikes-Browno. Mr. A. J., and Mr. W. 
Hill, on the Lower Part of the Upper 
Cretaceous series in W^est Sulfolk 
and Norfolk, .544. 

Jura, Swiss, Upper Jurassic rocks of, 
comJation of the, witli those of 
England, 229. 

, north and central, correlation of 

UpiH^r Jiirassies in the, 248. 

, Southern, Ui)per JurassicH of 

the, 241. 

Kelloway rock, 255. 

Kelsea, fossils of tlic drifts of, 9(t 9^1- 
97. 

Kent, deep borings in, 197. 

Kerseloc, bay of, .312. 

Keuper, section in the, at Shrewley, 
wliere fish were found, .540. 

of Warwick and Nottingham, 

on the remains <jf fishes from the, 
5.37. 

Kidston, Mr. R., award of the Bnlance 
of the March is<»n G(‘()logictil Fund 
to, Proc. 33. 

Killary harbour, Silurian conglome- 
rates of, 523. 

Kimeridge clay, 260, 261, 263, 261. 

Kimeridginn of tlie Bernese J ura, 239 ; 
fossils of the, 239. 

Kingley vale, 367. 

Knockseefin, rocks of, 518 ; foliation 
in dioritc of, 522. 

Koto, l*rof. B., on some occurrences 
of Piedmontite-schist in Japan, 
474. 

Kyaiiite, crystal of, in mica-schisfc 
from near Bolt Head, 724. 

La Baume, 245. 

Lakenheath, Middle Clialk at, .56)5. 

Lancashire and Cheshire, fossils of the 
drifts of, 89, 93-97. 

Lapworth, Prof. C„ award of the 
Bigsby Gold Medal to, Proc. 37. 

3 F 
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Lava, eucrite, from Tbj^rsfi. in Ice- 
land, analysis of, 408. 

Leaf-beds and gravels of Ardtun, Oar- 
saig, &c. in Mull, 270. 

Leeds, Mr. A., of Eyebury, North- 
amptonsliire, Mr. Hulke on Dino- 
sauriaii remains in the collection of, 
693. 

Leicestershire Coal-field, evidence 
from the, as to the formation of 
coal-seams, 671. 

Leiocidaris, sp., 412. 

Lcjpralia hisiafay 62. 

foraminigera, 62. 

imbellis, 60. 

longipora, 61. 

— PoistionHf 50. 

reclilineaM, (»0. 

— ros/rif/cra, 61 . 

mmUwiiu vnr. fiimpleXy 62. 

Les Aiilelcts, Sark, 325. 

Les Praises, 243. 

Leucite rock of Pinhalzinho, 463,464. 
Lias, Mr. E. A. Wulford on some 
Polyzoa from the, 632. 

Lichenopora clypoiformis, 345. 

Houldsworl hi, 3-17. 

waiiffiwuintsis, 346. 

Liesberg, 233, 234 ; section in quarry 
near, 234. 

Limestones, fragments of, in the Essex 
drifts, 361 . 

Lion rock, Kotomuhiina, 1()7. 
Llandiilas, eaves at , 1U4. 

Loeklcy Park, section through, 388. 
Lode, ‘245, 247, 248. 

Loom aria, 303. 

Loges, 244. 

London Pasin, Bagshot bods of the, 
374. 

clay and Bagshot beds of Alder- 

sliot, 431 ; tablt) of borings in tlie, 
441. 

Longbury Hill, section on, 643. 
Lovonia Forbesi, 424. 

Lower Calcareous Grit, 2i>8, 259. 
Lunulites petal oides, 70. 

Lydd, well-boring at, 204. 

Lydokker, Mr. It., the Cetacea of the 
SulTblk Crag, 1. 

, description of n jaw of Ihioike- 

Hum from the Pliocene of India, 19. 
— — , on certain Hinosaurian vert ebrse 
from the Cretaceous of India and 
the Isle of Wight, 156. 

, on a molar of a Pliocene type of 

from Nubia, 161. 

Lyell Geological Fund, award of tiie, 
to the Bev. O. Fisher, Proc. 35 , 

Medal, award of the, to Mr. S. 

Allport., Proc. 34 . 


Lyons, Mr. H. G., on the London Clay 
and Bagshot beds of Aldershot, 431. 

Macclesfield, fossils of the drift of, 90, 
93-97. 

Malcolm’s Point, Carsaig, basalts, 
gravels, and leaf-beds of, 281 ; sec- 
tion of lower part of clifi* at, 282. 

Malvern axis, classification of crystal- 
line rocks of the, 484. 

Hills, distinction bt4ween crys- 
talline rocks of northern and 
southern portions of the, 482 ; roek» 
of the, 481, 489-512; age of the 
rocks of the, 534 ; crystalline schists 
of the, 525. 

Range, plans and section of the, 

488 classification of the rocks of 
the, 505-507 ; history of the, 507- 
509. 

Man, the Glacial Period with reference 
to the Antiquity of, 393. 

, Preglacial, 406, 407; probable 

date of, 407. 

Mantiqiieira Range, occurrence of 
foyiiite in the, 457. 

Map, contour-, of part of the South 
Downs, 366 ; of the North Island 
of New Zealand, 178 ; of the country 
round Tarawera Volcanf> after the 
eruption of lOth Juno, 1886, 180; 
of 8 ark and the neighbouring islets, 
323; <»f parts of tl»e Provinces of 
Rio de Janeiro, Sao Paulo, and 
Minas Oeraes, 458; of the Caldas 
region. 47t); of the outcrop of Cre- 
taceous rocks in West Suffolk and 
Norfolk, 546; of the southern por- 
tion of the AVcalden area, 650 ; of 
part of South Devon, 716. 

Maretia anoinala, 422. 

Marhuni, Melbourn Rock at, ,507, 508. 

Marluim Hill, glauconitic marl in 
watercourse at, 558. 

Marine deposits of Wales, Cheshire, 
and Lancashire, 87. 

erosion of the South Downs, 

304. 

Martin, Mr. J., the Terraces of Roto- 
molmna, 165. 

Maryland, Gfuphaf^fraa ForhcH, Ed. 
& H., from the Tertiaries of, 24. 

Materials, derived, in the Bagshot 
beds, 378. 

Megalastor corapre.ssus, 422. 

Alegapfera affiuiSy 11 . 

— minufa, 11 . 

Melbourn Rock, range of, 564-570 ; 
fossils of the, in West Suffolk and 
Norfolk, 580; minute structure of 
the, in West Suffolk and Norfolk, 
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585 ; of West SiiffoJk and Norfolk, 
697. 

Membranipora annuhis, 47. 

Du/nerilii, 45. 

Lacrolxii, var. grandis^ 45. 

— — lineata, 45. 

monostachgs, 45. 

nohilis, 46. 

occultata, 48. 

solidula, 46. 

sjnnosa, 48. 

trifolium, 48. 

Mcmhra7iiporclla nitida, var., 52. 
Mesoploclon, 15. 

kmgirostrls?, 15. 

Metainorphic rocks of South Devon, 
Miss 0. A. Baisin on the, 715; cha- 
racters of, 719. 

Metaiiiorpliism, effects of, on Palsso- 
zoic rocks in Brittany, 319; pro- 
ducts of, in the Malverns, .528; 
period of, in the Malvern Hills, 534. 
lyiethwold, Middle Olialk at, 566. 
Mica-gneiss, fornual from granite, in 
the Malveim Hills, 528. 

Mica-schist from Ilaggedslone Hill, 
Mahorii Range, ; form<‘d from 
folsite, in Raggedstcjiie Hill, ,536. 
Mica-schists of the Tie de Groix, ^102 ; 
of South Devon, 724, 725; of Por- 
tlemouth Ferry, 730; .south of 
South Pool, 730. 

Micacoo-chloritic schists of South 
Devon, 721, 725. 

Micraster brovist clia, 421. 

Micropora lepida, 51 . 

variperjorata, 51. 

Microporclla ciliata, 53, 

decorata, var. angustipora, 54. 

? macropora, 54. 

magnirostris, 5.5, 

Micro.scopic structure of Bagshotbeds, 
386. 

Middle Terrace, Jtotomahana, 171. 
Midsummer Hill, .534 ; section 
through, 488, 

Mildenhail, Middle Chalk at, 564. 
Minas Gcraes, sketch-map of part of 
the province of, 458; occurrence 
of foyaite in, 460. 

Minera", fossils of the Drifts of, 89, 
93-97. 

Moel Try fan, fossils of the Drifts of, 
89, 93-97. 

Monoporella capensis, 49. 

, var. dmtatay 49. 

■ erassaiina^ 49. 

dujuncta^ ,50. 

waipukuremu, 50. 

Montchaibeut, 238. 

Montmelon, 231, 234, 236. 


Morfa Rhuddlan b<*ds, 98. 

Morlaix, older rocks of, 317. 
Morphology of Glgphiistrwa Forhesi, 
Ea, & H,, from the Tertiaries of 
Maryland, U.S., 24. 

Mount Tarawera, eruption of, 178. 
Moutier Station, section in cutting 
nortli of, 241 . 

Mucronella’t Ali'ar('::iana, 57. 

jirmata^ 58. 

? Liversidgii, 58. 

nitida, 5.5. 

Peachii, var. octodentata, 56. 

porosa^ 57. 

pr/eshins, 5<>. 

tricuspis, ,57. 

, var. walpukurethsu, 57. 

Mud ejected from Mount Tarawera, 
185, *186. 

Mud-volcanoes of Rotokaiiapanapa, 
174. 

Mull, gravel and b'af-lxMls in, 270. 
Murchison Geological Fund, award of 
tlio, to Mr. R. Xidhlon, Proc. 33. 

Medal, award of the, to the 

R(w. P. B. Brodie, Proc. 31. 
Murchmmidy Miss Jane Ibniald on 
some Carbon iteroiis H]>ccies of, 617. 
Murchisonia angufaf.a^ 621. 

keiidaknsis, 624. 

pyramidnfa, 627. 

i^pha rvla^a, 629. 

629. 

Vernenifianay 620. 

zonata, 628. 

Narbadci Region, Kchinoidca of the 
Cretaceous strata of the Lower, 150. 
Narborough, Melbourn Ruck near, 
.568. 

Nopheline-rocks in Brazil, 457. 
Newton, Mr. E. ^P., on the remains of 
fishes from the Keuper of Warwick 
and Nottingham, with notes on the 
inode of occurrenc/e by the Rev. P. 
B. Brodie, M.A., and Mr. E. Wilson, 
537. 

New South Wales, glacial action in 
the Carl)oniferc>iiB and Hawkesbury 
wjries of, 190; ice-action iii Siluro- 
Devoiiian beds in, 195. 

New Zealand, Chilo.stomatous Bryo- 
zoa from, 4< ) ; Cyclostomatous Bryo- 
zoa from, 3^17. 

, map of the North Island 

of, 178. 

, Prof. tTrich’s discovery of 

a peculiar alloy of nickel and iron 
in some rocks of, Pror. 3. 

Nickel and iron, peculiar alloy of, in 
New Zealand rocks, Proc. 3. 
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Niue-mile Bide, section through the, 
3SS. 

Koirvaux-dessoufl, 245. 

Norfolk, on the lower part of the 
Upper OretaoeouB senes in West 
Suffolk and, 544. 

North Hill, Malvern Eange, rocks 
from, 489-494, 534. 

— , section through, 488 ; and 

the Worcestershire Beacon, section 
through, 510. 

Northamptonshire, Binosaurian re- 
mains from the Kimmoridge Olay 
of, 693. 

North Wales, change of coast, -line in, 
99. 

Norway, Mr. W. F. Stanley on the 
probable Jiinoiint of the former gla- 
ciation of, Proc. 83 . 

Nottingham, notes on Triassic beds at 
Colwiek Wood, near, 542. 

and Warwick, on the remains of 

fishes from the Keuper of, 537. 

Nubia, jnolar of a Pliocene type of 
ivoiu, 1(>1. 

Numraulites, table of the range of, in 
England, 148, 

Nmnmulitcs vleyanfi^ 132, 142. 

— latvigafns, 147. 

variolar ins, 145. 

Okaro craters, ISl, 182, 184. 

Onto&auruH durohrrvcu.sL% (>99. 

Ongnr Hill, brick-earth of, 452. 

Onoclea hobridica, 289. 

“OolitlH! corallienne,” 235, 248, 259; 
fossils from the. 236. 

Orca vifimicmis, 16. 

Ormfhodvs77U(s dimicidusy 206. 

Or7iifhoj.ms Leeddi, 697. 

Ortholophus, 414. 

lincatus, 413, 415. 

Otukapuaranga, 176. 

Ouse Busin, superficial geology of the, 
(*>46. 


Owen, Sir R., on the skull and denti- 
tion of a Triassic Saurian (Gale^ 
mums pkinivqis^ Ow.), 1 . 

Oxborough, Melbourn Rock near, 567, 

Oxfoixl Clay, 256, 257. 

Oxfordian, *255, 258, 259 ; of the Ber- 
nese J lira, 232 ; of the Southern 
Jura, 242 ; fossils of the, 243. 
Oxfordieii calcaire,” 242. 

Palaeontology of the Upper Cretaceous 
deposits of West Suffolk and Nor- 
folk, 571-580. 


Palaeozoic rocks of Brittany, effects of 
metamorphism in the, 319. 

, Upper, in Sao Paulo and 

Parana, 461. 

Paradoxechinus novus, 415. 

Parana, Upper Paheozoic deposits in, 
461. 

Patricosanrus merooraius, 216. 

Peach, Mr. B. N., award of the 
Balance of the Wollaston Donation 
Fund to, Proc. 31 . 

Peat of the Olwyd estuary, 99. 

Peal-bog, Sir A. Barkly on the slip of 
a, in the P'^alkland Islands, Proc. 2 . 

Pebbles of the Bagshot beds, 376. 

Pegmatite from a vein at the Wych, 
Malvern Range, 505. 

Pela^wahinm ooralliniis^ Mr. T. T. 
Groom on some new features in, 
703. 

Poricosnms compressus, 423. 

gigiis, 4-_>3. 

Permian or Carboniferous deposits in 
Sao Paulo and Parana, 461. 

“ Pholadomien,” 243, 258. 

Phonolite, inclusions of foyaito in, 
459, 467 inclusions in foyaite, 468. 

and foyaito, asaociatiou of, in 

nepheline-rocks in Brazil, 457. 

Physetoiidm, 13. 

Physical History of the Bagshot Beds 
of the London Basin, 374. 

Piclioiix, 234, 210. 

Picii, occurrence of foyaito in, 460. 

Piedmont ite, crystals c4‘ in .lapan, 
474-477 ; optical chariurters of, 
476 ; analysis of, 477 ; coinpaiason 
of Japanese, with tliat of other 
localities, 477 ; geographical distri- 
bution of, 478. 

schist in Japan, occurrences of, 

474. 

Pinhalzinlio, leucite rock of, 463, 464 ; 
phonolite of, 464 ; conglomerate 
near, 464 ; foyaito of, 465 ; sections 
on railway near, 4(i4 ; sections 
across and 011 the sides of the tunnel 

iieitr, 'tiHJ. 

Pink Terrace of Rotomahana, 1 76. 

Pipeclay, origin of, in the Bagshot 
beds, 378. 

Plan of the Roger Mine, Dukinfield, 
600. 

Plan of vein -structure in schistose 
rocks, 535. 

Plan and section of the White Terrace, 
Rotomahana, 167. 

Plans and sections of the Malvern 
Range, 488. 

Plas lloatou Cave, 103, 111; fossils 
of, 106. 
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l^latmites hehridim, 289. 1 

of India, jaw of Hyathenm 
from the, 19. 

Pliocene type of Eqms from Nubia, 
molar of a, 161 ■ ( 

pluvial Period, 369. 

Porrentruy, 239, 240. «/.*». C 

Pocos do Caldas, occurrences of foyaite 
at the, 457, 460. ( 

Podocarpus Cainpbelli, 289. 

8p., 289. \ ^ 

Poihilopleurou pusillus (Owen), 

221 . . ( 
Point TertiUe, SarV, 326; section 
6\iow\n^ O'sor- 

lying gneiss at, 327 . 

Polyzoa, Mr. E. k. Walford on some, 
from the Lias, 632. 

. See aho Bryozoa. 

Pontnewydd Cave, 103, 107 ; fossils 
from, 107. 

, stone implements from, 

116. 

Porcellanite, 318. 

from the Herefordshire Beacon, 

Malvern Range, 499. 

Porclla concinna, 63. 
l^orina gravdipora, 59. 
l^orphy rites, quartz-, fragments of, in 
tlie Essex Drift, 353. 

Porphyry, Iwulder of grey, at base of 
cliflP, south of Saunfon D(»wn, (565. 
Port du Moulin, Sark, hornblende- 
schists of, 324. 

Port es Saies, Sark, 325. 

Portlandian, 264 ; of the Bernese 
efttra, 241 ; of the Soiitljern Jura, 
246. 

Portlomouth Ferry, mica-schist of, 
730. 

Postglacial lapse of time, 404. 
Pouillerel, 242. 

Pouldii, contorted banded gneiss at 
the embouchure of the, 308. 
Pressure, eviftence of, in tlie schists 
of the Malvern Hills, 527. 
Prestwich, Prof, J., Considerations on 
the Date, Duration, and Conditions 
of the Glacial Period with reference 
to the Antiquity of Man, 393. 
Psaramechinus Wilsoni, 413. 
Pteroeeriaii, 261, 263, 2(54: of the 


Ptpchodm polggyrus, 127. 
Purbeokians, 265; of the Bernese 
Jura, 241 ; of the Southern Jura, 
247. 


Quartz-porphyrites, fragments of, in 
tile Essex Drift, 353. 

Quartz-rock, fragments of, in the 
Essex Drift, 359. 

Quartz-syenite, gneissic, from North 
Hill, Malvern Range, 490. 
Quartz-tourmaline, fragments of, in 
the Essex Drift, 353, 

Quartz-trachyte, fragment of, in the 
Esses. Drift, 3CA. 

Quartzite houiders and grooves in 
the Roger Mine at Dukinfield, 
599. 

(itacolu)nite) of the Corrego do 

Quartel, 461 ; of the Rio das Antas, 
471. 

schist, micaceous, from Ragged- 

stone Hill, Malvern Range, 505, 
Quartzites, fragments of, in the Essex 
Drift, 359. 

Qiirrcih’ii iinmlawlious^ 291 . 
Q.uiiuporle, older rocks of, 304-314. 

i Radcliflb. Mr. James, on Grooves and 
Quartzite Boulders in the Roger 
f Mine at Dukinlield, 599. 

Raggedstorie Hill, MaUern Range, 
5.‘14; felsite in, 527; rocks from, 
504, 505; section lhr<iugh, 488. 
RiinfaJl, of the (ihicial period, 403 ; 
a influence of, on Glin’ii'rs, 404. 

,, Raisin, Miss Oaiherine A., on tlio 
Metamorphic Rocks of South Devon, 
71.5. 

Ravenawood, brook-sections in the 
Bags! jots, south of, 382, 383. 

Reach, Chalk-marl and Tollemhoe 
t Stone at, .552. 

Red Oinlk of Hunstanton, ,5.52, 592; 
5 ohemicjd composition of the, 588. 

Redan Hill, Aldershot, section from 
1 Thorn ^ill to, 431. 

i Reid, Mr. C., on the origin of Dry 
) Chalk valleys and ol’ Coombo Rock, 
364. 

Remains of Fishes from the Keuper of 
5 Warwick and Nottingham, 537. 


Bernese Jura, 239; fossils of the, 7^e/)focavea eespera, m7. 

239: of the Southern Jura, 245; Rhyl, section in drift-beds near ,^98. 
fossils of the, 246. Rhynchonella Cuvieri, zone of, 563. 

Pfychodns, Agassiz, dentition and lihgtichrpora ImgiroBfris, 70. 
affinities of the Selachian genus, Rhynchosauridaj, 691. 

121. Bhijnchmmrm artkeps, 676, 689. 

Ptyckfdm deemrens, 123-130. Rljyolite, ejected from Tarawera, 184 ; 

paucmkatm, 127. near Quimperiti, 306. 
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Rio de Janeiro, »ketcb-map of part of 
the proTince of, 458. 

Bio Pardo, 471. 

River-origin of the Gravels of Ardtun 
and Oarsaig, 284. 

Roberts, Mr. T., on the Correlation of 
the Upper Jurassic rooks of the 
Swiss J lira with those of England, 
229. 

Roclie, 23(). 

Bock, Cooinbe, and Dry Chalk valleys, 
on the origin of, 5()4. 

Rocks of Brittany, structures and 
relations of, 1101. 

, igneous, on tlie alleged conver- 
sion of crystalline schists into, in 
County Galway, 517. 

of 8ark, llerrn, and Jethou,322. 

of the Essex Drift, 351. 

of the Malvern Hills, 481. 

, Upper Jurassic, of the Swiss 

Jura, correlation of, with those of 
England, 229. 

Roger Mine at Dukinfield, grooves 
and quartzite boulders in the, 599. 

Boscotr, older rocks of the district of, 
314; gneisses of, 314; view of low 
cliff at, 314; granite near, 316; 
airiphibolite of, 317. 

Bother, section across the valley of 
the, 649. 

Rotokanapanapa, inud-volcanoes of, 
174. 

RotoruaJiana, exjdosion of, 181, 182; 
cffecU of cnq»tion upon, J83, 

, Lake, 179 ; disappearance of, 

177. 

, Terraces of, 165. 

Botoinakiriri, Lake, disappearance of, 

177. 

Rotorua, hot springs of, 181. 

Rowe, Rev. A. W\, on the Rocks of 
the Essex Drift, 351. 

Roydon, Totternhoe Stone near, 558. 

Ruapehu, 178, 181, 182. 

Rutley, Mr. F., on the Rocks of the 
Malvern Hills, 481. 

St. Anne's Hill, section from St. 
George's Hill to, 453. 

St.-Asaph Drift of the Vale of Clwvd, 
70. 

- — , fossils of tlie Drifts of, 89, 93- 
97. 

, section in tlie east bank of the 

Elwy below the Mount, 81, 

St. George, section in quarry near the 
village of, 85. 

St. George’s Hill, section from, to St. 
Anne’s Hill, 453. 

St. Imier, 242, 247, 248. 


St. Ursanne, 238. 

Ste. Croix, ^3, 244, 248. 

Salcombe, section of cliff opposite 
Old Castle near, 729. 

estuary, boundary of slaty and 

metamorphic series near, 717 ; in- 
terbanded series of, 727 ; chlorite- 
schist of, 728 ; section across eastern 
arm of, 732. 

Salenia tertiaria, 412. 

Sandringham, Gault at, 552 ; Tottem- 
hoe Stone near, 559. 

Sandstones, fragments of, in the Essex 
Drifts, 369. 

and conglomerates of the Corrego 

do Quartel, 462. 

Sao Paulo, sketch-map of part of the 
jirovince of, 458 ; Upper Pulasozoio 
deposits in, 461. 

Sark, map of, 323 ; rooks of, 322 ; 
hornblende-schist of, 324; Creux- 
Harbour gneiss of, 326; granitic 
rock of, 328, 333, 334 ; veins and 
dykes in, 332. 

Sarsens, distribution of the. 380. 
Sauiiton Down, cliff of consolidated 
sand at, 661 ; boulder of grey por- 
phyry at base of cliff south or, 6()5 ; 
boulder of red granite in ancient 
lieach, south of, 066. 

Scaldicotus, 14. 

“ Schillerization,” 492. 

Schist, mica-, formed from felsite, in 
Raggedst one Hill, 530. 

, Piedinoutite-, occurrence of, in 

Japan, 474. 

Schists, crystalline, fragment of, in 
the Jllsspx Drifts, 359, alleged con- 
version of, into igneous rocks, in 
County Galway, 517; of the Mal- 
vern Hills, 525. 

, injection-, in the Malvern Hills, 

532. 

of the He de Groix, 302. 

of the Malvern Ifills, diorites in 

the, .526 ; granite in the, 526 ; fel- 
site in the, 527. 

, simple, of the Malvern Hills, 

528. 

Schistose rocks, plan of vein-structure 
in, 535. 

Schistosity, period of, in the rocks of 
the Malverns, 535. 

Si'hhoporella cinciiporaynT. versonata, 
67. 

drew at a, 64. 

clavula, 65. 

eonfiervata, 65. 

cribrilifera, 65. 

h^alina, 68. 

ohliqm^ 66. 
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Schizoporella Eidleyi, 04. 

— tuherosa, var. angustata^ 67. 
Scoble Point, 728. 

Scotland, Lower Carboniferous strata 
of, species of the genus Biphgpkgl- 
lum, Lonsdale, in tlie, 33. 

Sections, diagram- at bend of Eiver 
Elwy, near Lol, 7o ; in the sea-cliit* 
N. W. of the Lath House, Aberrhyd, 
Colwyn Bay, 70 ; in the east bank 
of the Elwy, below the Mount, St. 
Asaph, 81 ; in quarry near the vil- 
lage of St. George, 8.") ; of the White 
Terrace, Eotoinoinma, 107 ; of con- 
torted strata oAcrlain by current- 
bedded deposits, at Coogee Bay, 
near Sydney, N.S.W., 11)4; in a 
quarry near the roadside, south- 
east of Liesberg, 234 : in railway- 
cutting north of Mouticr station, 
241 ; of wo.st side of ravine, Ardtun 
Head, 275; in quarry on east .side 
of ravine, Ardtun Head, 275 ; in 
second ravine, Ardtun Head, 278; 
in face of cliff, Ardtun Head, 271) ; 
of leaf-bed and gravels at Ard- 
tun, 280 ; of lower ]»art of cliff at 
Malcolm’s Point, near Oarsaig, 282; 
diagrannnatic, of c«jntorted banded 
gneiss at tlie emboucluire of the 
Pouldu, 308 ; of banded gnei.ss and 
aiiipliibolite at tlie einbouciiure of 
the Pouldu, .311 ; of micaceous gneiss 
with intrusions of granite, 313; of 
gneiss and granites at Eoicoff', 310 ; 
showing “ false-bedding ” in horn- 
blende schists in Sark, 324 ; show- 
ing hornbleiuh'-Hcliisls overlying 
gneiss in Sark, 327. 328 ; of granite 
overlying hornblende-schist in Sark, 
[1^10 ; of dr\ clialk coombes in f ho 
South Downs, 307 ; from Welling- 
ton Collcgt? to Wokingham, 388 ; 
from the river Loddon to Ascf>t 
race-course, 388 ; from Tliorn Hill 
to Kedaij Hill, Aldershot, 431 ; from 
Gravel-pit Hill, Aldershot, to A.sh 
Green, 435 ; across Aldershot Town, 
438; in Walton C’ommon, 44.5 ; in 
HaUdi-Farm Clav-j)it, Woburn Hill, 
448; from St. George’s Hill to St. 
Anne’s Hill, 453 ; of dec()m|)Osed 
dyke in cutting, Corrego do Quartel, 
463 ; on railway near Pinhalzinho, 
404 ; across and on the sides of the 
tunnel near Piniialzinho, 4(»0 ; dia- 
grammatic, through the Malvern 
Hills, from south to north, 488 ; 
through >iorth Hill and the Wor- 
cestershire Beacon, 510 ; of granite 
in jointed diorite, near Glenda- 


]ough,519, 520; of diorite in granite, 
near Gleudalough, 521 ; of a con- 
torted granite-vein in gneiss, 527 ; 
showing passage of felsite into schist 
in Eaggedstone Hill, 530 ; of chalk- 
marl and gault obtained by boring 
near Eoydon, 553 ; in quarry at 
Stoke Ferry, . 55(> ; in Dersingham 
parish clialk-pit, .5(K) ; of cliff' near 
the Lighthouse at Hunstanton, 562 ; 
showing the alternation of Gault 
and Lower Chalk between Cam- 
bridge and Hunstanton, and the 
thinning-out of the Gault between 
Cheddinglou and Dersingham, 595; 
on Fittleworth Common, 639 ; at 
Stopham Bridge, 639 ; across the 
valleys of the Rother, Ariin, and 
Stor, (>40; on 8ulli?iglon Common, 
641; at Coat ham Firs, 642; on 
Longbiirv Hill, 643; at In- 
holmes franu, (>45 ; at Selmeston 
Church, (>47 ; gen(*ral. across the 
river-valleys of the Southern Woal- 
den area, 656 ; across tlie Arun and 
Adur wailershcd, (>56 ; across the 
Adur and Ousc^ watershed, 650 ; 
from Ashurst to Hcnfield, across 
the Adur Valley, 65(); diagram-, 
showing mode ol' formation of some 
of the high-level beaches of Devon- 
shire, ()5‘,) ; diagram-, showing suc- 
cession of deposits west of Saunton 
Court, GtH) ; diagram-, across the 
South Flank of Saunton Down, 
661 ; of dill' ojiposite Old Castle, 
near 8alcoinhe, 729 ; ac.ross eastern 
arm of Salcomhc estuary, 730 ; of 
Old-Meadows pit, near Bacup, 7.‘34. 

Seeley, Prof. H. G., on a sacrum, in- 
dicating a new ty])e of bird, Orni- 
th(nle^')nu!< rlu/irirnlHn. Seidey, from 
the Woaldcn of Brook, 206. 

, on Tletn'r/HuchKH valdmsiHf See- 
ley, a Proc.U’lian ( V(»codilo from the 
Hastings Sand of Hastings, 212. 

, on P((frlr(ts(/unis iHfro('raiu8j 

Seeley, a lizard from the Cambridge 
Greensand, jireserved in the Wood- 
wardian Museum of the University 
of Cambridge, 216. 

, on ylr/,syew.cA//.s /j«^'///w.<i:(Owen), 

being further notes on the fossils 
described by Sir R. Owen as Voiki- 
loplmron pimiUtis, Owen, 221. 

Selmeston Cliurch, section at, 047. 

Semionotua Brad id, 539. 

sp., 539. 

Septastrsca, 24. 

Sequaiiian of the Bernese Jura, 237 ; 
fossils of the, 238. 
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Sequoia Langsdorfii ?, 289. 

Berra do Boeaina, occurrence of foy- 
aite in the, 457. 

do Oanastra, 457. 

do Espinhaoo, 457. 

— do Mar, occurrence of foyaite 
in the, 457. 

Shell -beach at north end of Herm, 
333. 

Shells, marine, in drift on Oaerhug, 

86 . 

Shouldham, Chalk-marl at, 558. 

Shrewley, notes on the Upper Keuper 
section at, 540. 

Silurian conglomerates of Kill ary Har- 
bour, constituents of the, 523. 

Siluro-Devonian beds, ioo-aotion in, in 
Now South Wales, 195. 

Smittia biincisa, var. bicuspis, 58. 

Napierii, 59. 

Snapes, 728. 

Snettisham, section of Lower Chalk 
near, 561. 

Soci^tii Ouralienne d’A^nateurs des 
Sciences Naturelles,” notice of exhi- 
bition by the, at Ekaterinebourg, 
Proc. 86. 

Soharn, Cambridge Greensand near, 
547. 

Soleure, 245. 

South Devon, Miss 0. A. Raisin on 
the metumorphic rocks of, 71.5. 

Downs, marine erosion of the, 

364; contour-map of the, 360; sec- 
tions in the, .3(57 . 

Pool, boundary of slaty and 

nietamorphic rocks near, 717 ; mica- 
schists south of, 7 ^ 10 . 

Soyhiere, 236. 

Spencer, Mr. John, on Boulders found 
in seams of coal, 735. 

Sjihenodmi, 676 , 677, 679, 080, 081, 
687. 

Sphenodontidre, 691. 

Sphenodontina, 691. 

Spongitian, 258, 

Spongitien,” 242. 

Squalodontidae, 15. 

Stanley, in the Falkland Islands, Sir 
A. IJarkly on the slip of a peat- 
bog at, Proc. 2 . 

Stanley, Mr. W. F., on the probable 
amount of former glaciation of Nor- 
way, Proc, 83 . 

Steam -jets in the hill surrounding 
Teruta, 175. 

Steganoporella neozelanica, 50. 

Stoke Ferry, Gault near, 547 ; boring 
at, 548 ; Tottemhoe Stone at, 555, 
557 ; section in quarry at, 556, 


Stomatopora elongata^ 036. 

— granulata, 341. 

major, 342. 

Stone implements from Pontnewydd 
Cave, 116. 

Stophain Bridge, section at, 639. 

Stor, section across the valley of the, 
640. 

Strain-slip cleavage, 725. 

Strata, contorted, overlain by current- 
bedded deposits, in the Hawkea- 
bury series, Australia, 194, 195. 

Stratification, absence of, among the 
crystalline rocks of the Malvern 
Hills, 534. 

Stratigraphical relations of the meta- 
inorphic rocks of South Devon, 

727. 

Stratigraphy of the Upper Cretticeous 
deposits in West Sullblk and Nor- 
folk, 545. 

StrocKl, well-boring at, 203. 

Subaerial deposits of the Southern 
Wealden area, 649. 

Sufiblk Crag, Cetacea of, 7. 

, West, and Norfolk, Messrs. Hill 

and Jukos-Browne ou the Lower 
Part of the Upper Cretaceous 
Series in, 544. 

Sullington Common, section on, 641. 

Supercytis digitatfi, 344. 

Surface-drift of the Vale of Clwyd, 
97. 

Swinyard s Hill, .534 ; section through, 
488; rocks from, 500-503; miea- 
giieij^s formed from granite in, 528. 

Swiss Jura, correlation of Upper Ju- 
rassic Koeks of, with those of 
England, 229. 

Sydney, con tori ed strata’' overlain by 
current-bedded deposits at Ooogee 
Bay near, 194. 

Syenite, fragments of, in the Essex 
Drift, 352. 

Talargoch beds, 86 . 

Tarawera, Mount, 1 79 ; account of 
tile eruption of, 181 ; products of 
the eruption of, 184 ; map of the 
country around, after the eruption, 
180 : cause of the eruption of, 187. 

Taxiis Oampbelli, 289. 

Teniora, New South Wales, ice-aetion 
in Siluro-Devonian beds at, 195. 

Terata Geyser of Rotomahana, 105, 
167, 168 ; steam-jets in the hill 
surrounding, 175. 

Terraces of Rotomahana, 1G5. 

“Terrain tl chailles marno-calcaire,” 
233. 
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“ Terrain & cliaillea siliceux,” 2J^4, 248, 
2DS, 2,r)9 ; fossils of, 2»%>. 

Terrible Itay, Sark, o'J"), 

Tcjrtiarics, Aiistralian. Revision of the 
Echinoidea from tbe, 41 1. 

of Maryland, CHyphasirmt 

For}>e,si from the, 24. 

Thiergarten, 2il^l, 2.44, 24(1, 248. 

Thyirsa, Iceland, analysis of eucril-e 
iavafrom, 498. 

'Fhoinson, Mr. James, on the Ocenr- 
rence of species of the genus Diphi/- 
phpUimi, Lonsdale, in tlie Lower 
Carboniferous Strata of Scotland, 
with a description of some new 
species, and noliees of ^arieties, 

»> 4 . 

Thorn Hill, Aldershot, section from, 
to Redan Hill. 441. 

Tingua, oeeurrenci' of foynite at the 
peak of, 4.'>7, 4.")9. 

4 iianosaurns, IhT, l.'>9. 

M’ongariro, 179, bSl, 182. 

'iVitternhoe Stone in West Suffolk 
and Norfolk. o9(»; fossils of the, 
i>77 ; minute structure of the, 
f)S4. 

and Chalk-marl in West 

Suffolk and Norfolk, 002 . 

4Vaehytes, su])erllcia.l fragments of, 
in Essex, .'I.''),''*, 

, quartz-, fragment of, in tlie Essex 

Drift, 444. 

Tramehu), 241. 

Traj)s of .Ardtun Head, 272. 

TremeirchioTJ, caves near. 104, 108. 

'J’rias in \V4u*wickshire, notes on, 
o-h). 

Triassic Reds at (\>lwiek Wood, near 
Nottingham, o42. 

deposits, supposed, in .'*^ao 

Pauli* and Parana, 401. 

Tnhalipora hidupUcafa^ 44.4. 

(.'(Unplrh^'a7Kf, .44*4. 

inconstan.s, 0.4.4. 

sp., 04,0. 

Turriiella ? sidcifera, 640. 

Twinning of Japane.Me crystals of 
Piedmont i to, 47o. 

Ulrich, Prof., notice of discovery of a 
peculiar alloy of Nickel and Iron in 
New Zealand rocks, ]*roc. 30 . 

Valangin, 247, 248. 

Valleys, dry Chalk-, and Coombe 
Rixjk, Mr. Clement Reid on the 
origit) of, 404. 

Vallorb(^s, 248. 

Vein -structure, plan of, in schi,sto.se 
rocks, ,o 4 .o. 

Veins, mineral, in Sark, .342. 

g. J. G.S. No. 171^ 


Toil 

Vermes, 2.49, 

Villars, 249. 

Villers-le-Jjac, 247. 

Virgulian, 201, 20,4, 204 ; of the 
Southern Jura, 240 ; of the Bernese 
Jura. 240. 

Vorbourg. 245, 247, 2.49. 

Wahanga, eruption of, 181. 

Waimkei, hot springs of, 184. 

Walford, Mr. E. A , oh some Polyzoa 
from the Lias, 042. 

Walton-Commou Section, Mr. W. 
Hudleston on the, 444; continua- 
tion of the, 44 .'), 440. 

Warlield Brick -yard, .sectioti in, ,480. 

Warwick and Nottingham, remains 
of -Fishes from the Keuper of. 

5 , 47 . 

Warwickshire, notes on Trias in, 
.44t). 

Waters, Mr. A. W., ou Tertiary Chi- 
lostomatous Brvozoa from New 
Z€‘aJand, 41). 

. on Tertiary CycloslomatousBry 

ozon from New Zeulaud, .4.47. 

Wealden Area, Mr. J. V. .Klsden ou 
the Superlieial Ceology f'f the. 
Southern ]>art. of the, 647. 

ot Brook, sacrum froTii, 

ludicatiug a new type of bird 
{Ornilhnth’stmoi c/tfvicuhfs, SeeUn ), 
200 . 

Wellington (\)l]eg(‘, section of Bag- 
,Hbot ImhIs to lJ>e north of, 484 ; 
section from, to Wokingham, ,488. 

Weli-Hi*cl ioM at 1) lines. South Carup, 
Ahlershot, 4.‘i4. 

Werehani, Ohalk-juarl near, .V)?. 

Wc.st Dereham, (.Jaiilt near, 547, .o48, 
.5-19. 

West Row, Totternhoi^ Stone at., 

5 . 54 . 

Whitaker, Mr, W., further notes on 
the results of some deep Borings iii 
Kent, 197. 

White Island, New Zealand, 179, 
184. 

Terrace of Botoma))ana, 10.5, 

Whittington, Mel bourn Rock at, 500 ; 
section at., 500. 

Wilson, Mr, E., notes on the Triassic 
bedsatCoJw'ick Wood, nearNotting- 
bam, ,542. 

Winds Point, section tlirough, 488; 
felsite in the, 527. 

Woburn Hill, section in Hateh-Farm 
Clny.pit, 447, 448. 

Woburn Hill, sect ion through, 4.54. 

Wokingham-Sandljurst Road, well- 
section iiear the, ^182. 

lifi 
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Wokingham, section through, 388. 
WollastDn Donation Fund, award of 
the, to Mr. B. N. Poach, Proc. 31 . 

Gold Medal, award of the, to 

Mr. J. W, Ilulke, J^oc. 30 . 
Wollongong beds, IIK), 191. 

Wood, silicifled, fragments of, in the 
Essex Drifts, 360. 

Woodward, Mr. A. S., on the Denti- 


tion and Affinities <jf the fcJelachian* 
germs Vti/chudua, Agassiz, 121. 

Worcestershire Beacon, Malvern 
Range, ro(;ks from tlie 494- UX! ; 
seotion through the, 488; and 
North Hill, section through, 510. 

Wych Pass, 534 ; si^ction through the, 
488 ; fault near tho, 484 ; rock from 
the, 505. 
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